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RESUMO

Com o objetivo de criar um modelo biologico reprodutivel e eficiente que possa
mimetizar a interacdo proteina-carboidrato, nés reportamos o uso do ensaio
quimiluminescente com lectinas conjugadas a éster de acridina (EA) para
investigar a complexacdo da lectina ao carboidrato e para avaliacdo
guantitativa da expressdo de carboidratos em tumores cutaneos.
Polissacarideos de N-acetil-D-glicosamina (quitosana), glicose (phytagel) e
galactose (carragenana) foram utilizados para sintetizar membranas (0,0314 —
0,6358 cm?). Concanavalina A-EA (Con A), Wheat germ aglutinina (WGA),
Peanut aglutinina (PNA), Ulex europeaus aglutinina-l (UEA-I) e Maackia
amurensis aglutinina (MAA) foram conjugadas a EA. A atividade
hemaglutinante das lectinas-EA foi avaliada e a quimiluminescéncia
guantificada e expressa em Unidades Relativas de Luz (URL). Biopsias de pele
normal e de tumores cutaneos, tais como ceratose actinica (AK),
ceratoacantoma (KA), carcinoma espinocelular (CEC) e basocelular (CBC), e
as membranas foram incubadas com o conjugado lectina-EA (100 uL 100 ug
mL™) por 2h a 4°C. A emissdo de fétons foi quantificada e correlacionada com
a marcacao de tecidos normais, transformados e das membranas. Inibicbes
com carboidratos especificos foram realizadas. AK, KA , CBC e CEC
apresentaram menor expressao de a -D- glucose/manose e residuos de a-L-
fucose, em comparacdo com o tecido normal. Os tumores cutaneos
apresentaram maior expressao residuos de B Gal-(1-3)-GalNAc que o tecido
normal . AK e SCC exibiram maior expressao de residuos Neu5Ac-a(2,3)Gal

que a epiderme normal. KA e BCC apresentaram
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valores de URL equivalentes, em comparac¢do com o tecido normal. Os valores
de URL diminuiram quando as lectinas foram incubadas com seus carboidratos
especificos. Os valores das constantes e os sitios de ligacdo foram calculados
para cada lectina utilizando a equacgéo obtida a partir das curvas hiperbdlicas,
24 x10"M*+0,8 x 107 M'and 1,3 x 10° mol . mg™ * 0,3 x 10° mol . mg™
(Con A); 0,9 x 10°M™*+ 0,4 x 10° M™*and 0,021 x 10 mol . mg™* + 0,003 x 107
mol . mg™? (WGA) and 2,0 x 10° M™ + 0,9 x 10° M™* and 0,069 x 10 mol . mg™
+ 0,010 x 10° mol . mg™* (PNA). O método quimiluminescente permitiu a
avaliagdo quantitativa direta da expressdo de carboidratos em neoplasias de
pele e a investigacdo a complexacdo da lectina ao carboidrato através do
modelo de Langmuir, combinando a especificidade desta interacdo e a

sensibilidade dos ensaios quimiluminescentes.

Palavras chaves: carboidratos; polissacarideos; quimiluminescéncia; tumores

cutaneos;
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ABSTRACT

Aiming to create a reproducible and efficient biological model that mimic the
protein-carbohydrate interaction, we report the use of chemiluminescent assay
with lectins labeled to acridinium ester (AE) to investigate the complexation of
lectin to carbohydrate and for the quantitative evaluation of carbohydrates
expression in cutaneous tumors. Polysaccharides made N-acetyl-D-
glucosamine (chitosan), glucose (phytagel) and galactose (carrageenan) were
used to synthetize membranes (0,0314 — 0,6358 cm?). Concanavalin A-AE
(Con A), Wheat germ agglutinin (WGA), Peanut agglutinin (PNA), Ulex
europeaus agglutinin-1 (UEA-I) e Maackia amurensis agglutinin (MAA) were
labeled to AE. The hemmagglutinating activity of lectins-AE was evaluated and
the chemiluminescence was quantified and expressed in Relative Light Unit
(RLU). Biopsies of normal skin and cutaneous tumors such as, actinic keratosis
(AK), keratoacantoma (KA), squamous cell carcinoma (SCC) and basal cell
carcinoma (BCC), and membranes were incubated with lectins-AE (100 pL 100
pug mL™) for 2h at 4°C. Photon emission was measured and correlated to the
labeling of the normal, transformed tissues and membranes. Inhibitions with
specific carbohydrate were carried out. AK, KA, SCC and BCC showed lower
expression of a-D-glucose/mannose and a-L-fucose residues compared to
normal tissue. Cutaneous tumors displayed higher expression of Gal-(1-3)-
GalNAc residues than normal tissue. AK and SCC exhibited higher expression
ofNeub5Ac-(2,3)Gal residues than normal epidermis. KA and BCC showed
equivalent RLU values compared to normal tissue. The RLU values decreased
when the lectins were incubated with their specific carbohydrate. The constant

values and maximum binding sites on the membranes were calculated for each

Vi
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lectin using the equation obtained from hyperbolic curves, 2.4 x 10" M™ + 0.8 x
107" M*and 1.3 x 10°® mol . mg™ + 0.3 x 10° mol . mg™ (Con A); 0.9 x 10° M™* +
0.4 x 10° M*and 0.021 x 10 mol . mg™* + 0.003 x 10 mol . mg™* (WGA) and
2.0 x 10° M1+ 0.9 x 10° M* and 0.069 x 10 mol . mg™ + 0.010 x 10° mol .
mg™ (PNA). The chemiluminescence method allowed quantitative assessment
of the carbohydrate expression in cutaneous tissues and was an analytical
technique efficient to investigate the complexation of lectin to carbohydrate
through Langmuir model, combining the specifity this interaction and sensibility

of chemiluminescent assays.

Keywords:  carbohydrates;  chemiluminescence;  cutaneous  tumors;

polysaccharides;

Vi
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1. INTRODUCAO

Os neoplasmas cutadneos podem ser classificados em dois grandes grupos:
melanoma, cancer de pele ndo-melanoma e neoplasias benignas. O ultimo
grupo inclui, principalmente, os carcinomas basocelular (CBC) e espinocelular
ou de células escamosas (CEC), ceratoacantoma (KA) e ceratose actinica
(CA). Estes tumores apresentam crescimento rapido, quando diagnosticados e
tratados tardiamente podem ser funcionalmente destrutivos (SOCIEDADE

BRASILEIRA DE DERMATOLOGIA, 2015).

Alteracbes na estrutura e/ou na distribuicdo de glicanos estdo relacionadas
as caracteristicas de malignidade do tumor, como proliferacdo e crescimento
das células tumorais, capacidade de invasao e de metastase, angiogénese e
silenciamento do sistema imune. A investigacdo da expresséo dos carboidratos
e da interacdo de proteinas que reconhecam essas biomoléculas torna-se
necessaria para a compreensao da origem histogenética e 0 comportamento

do tumor durante a sua diferenciacdo (AUDFRAY et al., 2015).

Lectinas sédo glicoproteinas de origem nao imunoldgica que possuem a
habilidade de se ligar especificamente a mono ou oligossacarideos de forma
reversivel e atuam como moléculas de reconhecimento dentro das células, na
superficie celular e em fluidos fisiologicos (GHAZARIAN; IDONI;

OPPENHEIMER, 2011)

Estas proteinas interagem com os carboidratos através de pontes de

hidrogénio entre os grupos hidroxil dos carboidratos e os residuos do
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aminoéacidos polares (WIMMEROVA et al., 2012), e inimeras técnicas tém
sido utilizadas para o estudo dessas interagbes moleculares (JEYAPRAKASH

et al., 2003; MURTHY et al., 2009; CHUANG et al., 2009; SAFINA et al., 2011).

A interacdo entre carboidratos e lectinas € importante em diversos
processos biolégicos, como por exemplo, reconhecimento célula-célula,
interacOes célula-matriz extracelular, fertilizagdo, desenvolvimento embrionario,
crescimento, diferenciacdo, sinalizacdo, adesao e migragéo celular, apoptose,
imunomodulacéo e inflamacéo, interacdo patdégeno-hospedeiro, dobramento e
enderecamento de glicoproteinas, inducdo mitogénica e homeostase

(GHAZARIAN; IDONI; OPPENHEIMER, 2011).

Na histoquimica, lectinas com diferentes especificidades a carboidratos
podem fornecer um sistema de deteccdo sensivel para mudancas na
expresséo de carboidratos (MELO-JUNIOR et al., 2008). Esta ferramenta tem
sido utilizada para mostrar diferencas no padrdo glicosilacdo celular durante
diversas doencas tais como, infecgdes por patégenos (MELO-JUNIOR et al.,
2008), tumores cutaneos (MELO-JUNIOR et al.,, 2006), carcinoma
mucoepiderméide de glandula parétida (SOBRAL et al., 2010), carcinoma
ductal invasivo (KOROURIAN et al., 2008) e carcinoma prostatico (LIMA et al.,

2010).

Dentre os sistemas de deteccdo, o ensaio quimiluminescente tem sido uma
ferramenta analitica eficiente (BRUSTEIN et al., 2012; LIMA et al., 2013; SILVA
et al., 2014). Quimiluminescéncia (QL) é definida como a emissédo de radiacao
eletromagnética, geralmente na faixa do visivel - infravermelho préximo,
produzida por uma reacdo quimica (ARAUJO-FILHO; MELO-JUNIOR;
CARVALHO Jr, 2011). A aplicagdo da QL na quimica analitica depende da

2
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acoplagem da substancia de interesse a um dos participantes da reacao
guimiluminescente ou ao produto no estado excitado. A concentracdo da
amostra desconhecida sera proporcional a producdo de luz total emitida

(LARA; GARCIA-CAMPANA; AARON, 2010).

A sensibilidade, a possibilidade de quantificacdo, a escala dinamica e a
diversidade dos ensaios quimiluminescentes, largamente empregados na
revelacdo de proteinas, acidos nucléicos (RODA; GUARDIGLI, 2012) e,
atualmente, carboidratos (LIMA et al., 2013; SILVA et al., 2014), tornam a
“histoquimiluminescéncia” uma importante ferramenta auxiliar na histoquimica

dos tumores cutaneos.

Além disso, com o objetivo de criar um modelo biolégico reprodutivel e
eficiente que possa mimetizar a interacao proteina-carboidrato, nds reportamos
0 uso do ensaio quimiluminescente com lectinas conjugadas a éster de acridina
para investigar a interacdo da lectina com o carboidrato. Para isto, utilizamos o
modelo matematico de Langmuir para propor calculos das constantes de

afinidade aparente (K,) das lectinas por diferentes carboidratos.
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2. REVISAO BIBLIOGRAFICA

2.1 Cancer de pele ndo melanoma (NMSC)

Cancer de Pele N&o-Melanoma (NMSC) é originado das células
epidérmicas e constituem uma categoria que engloba todos os tipos de
canceres de pele, excetuando os melanomas, sendo os mais incidentes na
populacdo brasileira. Estes tumores sao classificados como carcinoma
basocelular (CBC), carcinoma espinocelular ou de células escamosas (CEC),
ceratoacantoma (KA), ceratose actinica (CA) e ceratose seborréica (CS). E
tipicamente encontrado na cabeca, no pescoco, na face e nos bracos, mas
pode ocorrer em qualquer regido do corpo. Estes neoplasmas sédo raramente
fatais, entretanto séo considerados tumores de crescimento rapido e quando
diagnosticados e tratados tardiamente podem ser funcionalmente destrutivos

(SOCIEDADE BRASILEIRA DE DERMATOLOGIA, 2015).

Segundo o INCA (2014), no Brasil, o NMSC continua sendo o tipo mais
incidente para ambos 0s sexos. Esperam-se 98.420 casos novos de cancer de
pele ndo melanoma nos homens e 83.710 nas mulheres. Esses valores
correspondem a um risco estimado de 100,75 casos novos a cada 100 mil
homens e 82,24 a cada 100 mil mulheres (Tabela 1). O cancer de pele néo
melanoma € o mais incidente em homens nas regiées Sul (159,51/ 100 mil),
Sudeste (133,48/ 100 mil) e Centro-Oeste (110,94/ 100 mil). No Norte (28,34/
100 mil) e Nordeste (40,37/ 100 mil) encontra-se na segunda posicdo. Nas
mulheres, é o mais frequente em todas as regides, com um risco estimado de
112,28/ 100 mil no Sudeste, 99,31/ 100 mil no Centro-Oeste, 86,03/ 100 mil no

Sul, 46,68/ 100 mil no Nordeste e 24,73/ 100 mil no Norte.
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Tabela 1. Estimativas para o ano de 2014 das taxas brutas de incidéncia por 100 habitantes e

de nimero de casos novos por cancer, segundo sexo e localiza¢éo priméaria.

Estimativa dos Casos Novos

Localizagao Primaria da Homens Mulheres
Neoplasia Maligna Estado Capitais Estado Capitais

Casos Taxa Bruta Casos Taxa Bruta Casos Taxa Bruta Casos Taxa Bruta
Prostata
Mama Feminina
Colo do Utero
Tragqueia, Bronguio e Pulméo

Célon e Reto

Estomago
Cavidade Oral
Laringe

Bexiga

Eséfago

(Owvério

Linfoma de Hodgkin
Linfoma ndo Hodgkin
Glandula Tireoide
Sistema Nervoso Central

Lewcemias
Corpo do Ctero
Pele Melanocma

Outras Localizagdes

Subtotal

Pele nao Melanoma

Todas as Neoplasias 302.350 309,53 70.750 274.230 81.250
*Mimeros arrsdondados para 10 ou multiplos de 10

CBC e CEC séo os dois tipos mais frequentes de NMSC, e apesar da baixa
taxa de mortalidade esses tumores apresentam importancia relevante para os
servicos de saude e podem causar significativa morbidade, uma vez que a
maioria dos NMSCs ocorre em areas de grande visibilidade, tais como cabeca,

pescoco e rosto (LOMAS; LEONARDI-BEE; BATH-HEXTALL, 2012).

A maioria dos canceres de pele ocorre devido a exposicdo excessiva a
radiacdo ultravioleta (UV), em especial ao ultravioleta tipo B (UVB) a qual
promove mutac¢des (Figura 1) em proto-oncogenes e/ou genes supressores do

tumor p53 formando dimeros de timina. Falhas na reparacdo destas mutacdes
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podem resultar na formacdo do tumor (SAMARASINGHE; MADAN; LEAR,

2011b).

Immune
Response

Figura 1. Fatores etiologicos que contribuem para o desenvolvimento de NMSC.

Fonte: BHANDARI; PAI, 2014

Outros fatores de risco incluem: cor da pele (clara), idade (60 anos); género
(masculino) (MADAN; LEAR; SZEIMIES, 2010); exposicéo cronica a agentes
mutagénicos como por exemplo, raios X e gama (MOLHO-PESSACH; LOTEM,
2007), e exposicdo ao alcatrdo, arsénico e Hidrocarbonetos Aromaticos
Policiclicos (HAPs) (PIMPARKAR; BHAVE, 2010) processo irritativo cronico
(OGDEN; TELFER, 2009), fatores genéticos (albinismo) e genodermatoses

(BHANDARI; PAI, 2014).

Além disso, o estado de imunossupressdao (EUVRARD; KANITAKIS;
CLAUDY; 2003), traumas e queimaduras (WEENDON, 2003), infeccdes pelo
Papilomavirus Humano (HPV) (BOUWES BAVINCK et al., 2010), dietas com

baixa ingestdo de gordura e baixo consumo de vitaminas (MALONEY, 1996;
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DAVIES et al., 2002; GRANGER et al., 2006) sdo fatores que podem contribuir

para o desenvolvimento de tumores cutaneos.

No Brasil, a ceratose actinica € a doenca de pele mais frequentemente
diagnosticada pelos dermatologistas em pacientes do sexo masculino com
mais de 40 anos (Sociedade Brasileira de Dermatologia, 2015). Estima-se que
na Europa Ocidental 23% da populacdo é diagnosticada com este tipo de
lesdo. Entretanto, na Australia a ceratose actinica é bastante comum atingindo
60% dos individuos acima de 40 anos de idade (SMITS; MOOR, 2009).
Segundo Cockerell (2000) CA e CEC representam a mesma lesdo em
diferentes estagios de evolucdo, considerando a ceratose actinica como 0
estagio mais precoce. Outros estudos computam que 20 a 25% dos casos de

ceratose evoluem para carcinoma (DERGHAM et al., 2004).

Segundo a Sociedade Brasileira de Dermatologia (2015), o CEC é o
segundo de tipo de céancer mais frequente, correspondendo 20% do total de
tumores malignos registrados no Brasil. A ocorréncia de CEC € maior em
homens acima de 60 - 70 anos de idade (PETTER; HAUSTEIN, 2000). Estudos
epidemiologicos relatam que desde 1960 a incidéncia global do carcinoma
espinocelular aumenta anualmente. Presume-se que dois fatores estédo
relacionados ao aumento: alteracbes nos habitos de exposicdo ao sol e a
deplecdo na camada de o0z6nio. Apesar da baixa taxa de mortalidade do CEC,
a sua morbidade é significativamente elevada, provocando incapacitacdo por
desfiguramento (INCA, 2014). O carcinoma espinocelular tem comportamento
biolégico que permite, além da recorréncia local, a ocorréncia de metastases

linfaticas e em 6rgéos a distancia (SAMARASINGHE; MADAN; LEAR, 2011a).
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No Brasil, o carcinoma basocelular € a mais frequente das neoplasias
cutaneas, representando 70 a 80% do total de casos. A proporcao de
ocorréncia na populacado é de quatro a cinco CBC’s para cada CEC, e oito a
dez para cada melanoma diagnosticado (CHINEM; MIOT, 2011). Sua
ocorréncia € mais comum em homens (ap6s 40 anos de idade) do que em
mulheres, numa proporgédo 2:1 (KOPKE; SCHMIDT, 2002). Os principais
fatores de risco importantes para o desenvolvimento de CBC sé&o: fotdtipos
claros, histéria familiar positiva de CBC (30-60%); sardas na infancia, pele,
olhos ou cabelos claros. Pessoas com peles claras tém risco dez a vinte vezes
maior de desenvolver CBC do que peles escuras, mesmo quando vivem na
mesma regido (GREEN; BATTISTUTTA, 1990; SAHL et al., 1995; ROEWERT-
HUBER et al.,, 2007; LEAR; DAHLKE; MURRAY, 2007). Entretanto, Nouri e
colaboradores (2002) relataram casos de CBC em individuos de pele escura,

incluindo descendentes africanos.

A prevencdo do cancer de pele, inclusive os melanomas, inclui acdes de
prevencao primaria, por meio de protecdo contra luz solar, que séo efetivas e
de baixo custo. Em geral, as lesGes possuem indices de cura superiores a 95%

guando tratados precoce e corretamente (INCA, 2014).

Diversos tipos de tratamentos para os NMSCs tém sido descritos, como por
exemplo, exciséo cirdrgica, crioterapia, radiacdo ionizante, terapia fotodinamica
e quimioterapias topicas. A escolha do tratamento depende, principalmente, do
tipo de neoplasia, da preferéncia do paciente e do custo (BHANDARI; PAI,

2014).
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2.1.1 Ceratose Actinica (CA)

O termo “ceratose actinica” significa crescimento ceratotico (espesso,
escamoso) causado por um dano induzido por radiacdo eletromagnética,
incluindo luz solar. Outras fontes de radiagao, tais como fontes de luz artificial,
incluindo camas de bronzeamento, e radiagdo ultravioleta, podem causar o

desenvolvimento deste tipo de leséo.

A ceratose actinica tem sido conceituada por dermatologistas como uma
lesdo pré-neoplasica com a proliferacdo de queratindcitos atipicos. Alguns
pesquisadores afirmam que CA pode representar uma forma intra-epitelial do
carcinoma de células escamosas mantidas sob vigilancia imunoldgica do
organismo, permanecendo estatico ou regredindo espontaneamente (OGDEN;

TELFER, 20009).

Histologicamente a ceratose actinica caracteriza-se por alteracdes
epidérmicas de carater atrofico e distrofico, associadas a degeneracéo hialina
do colageno da derme superficial subjacente. A camada espinhosa da pele &
irregular, com zonas atréficas alternando com zonas hiperplasicas, e presenca
de varias depressoes digitiformes. A superficie coberta por hiperceratose orto e
paraceratosica € irregular, por vezes papilomatosa. As células da camada
espinhosa, quer do corpo mucoso quer da camada basal, perdem
gradualmente as suas caracteristicas normais, ou seja, sdo de maior volume,
tem citoplasma mais claro, nucleos irregulares e maior nimero de mitoses

(KIRKHAM, 2009) (Figura 2).
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Figura 2. Imagem histoldgica da ceratose actinica (magnificagdo original 200x): presenga de
paraceratose (seta preta) e elastose solar da derme (seta vermelha). Presenca de infiltrado

inflamataério.

Fonte: RICOTTI et al., 2009.

Manifesta-se, de inicio, por pequena mancha acastanhada de limites
irregulares, mal marcados, plana ou ligeiramente saliente, de superficie lisa ou
um pouco rugosa e ceratosica (Figura 3). ApOs alguns anos de evolucao, a
lesdo espessa-se, infiltra-se, os bordos tornam-se mais elevados e nitidos, o
centro erosiona-se ou cobre-se com espessa camada coérnea (papiloma
cérneo) adquirindo as caracteristicas dos carcinomas de células escamosas ou

dos basocelulares (KIRKHAM, 2009).

10
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Figura 3. Apresentacgéo clinica da ceratose actinica.

Fonte: RICOTTI et al., 2009.

2.1.2 Ceratoacantoma (KA)

O termo ceratoacantoma foi primeiramente descrito como “Ulcera
crateriforme da face” por Sir Jonathan Hutchinson em 1889. O KA é um tumor
cutaneo crateriforme derivado da bainha epitelial externa dos foliculos pilosos,
gque pode ser confundido com o carcinoma espinocelular, entretanto
caracteriza-se por ciclo evolutivo de crescimento rapido e regressao
espontanea. Este tipo de tumor apresenta-se como lesdo solitaria ou multiplas
lesdes, de forma esporadica ou em uma sindrome hereditaria, ou ainda em
associacdo com doencas inflamatorias. Histologicamente, pode ter
caracteristicas diferentes dependendo da apresentacao clinica, e alguns tipos

podem realizar metastase (KO, 2010).

11
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Ha trés estagios na histéria natural dos ceratoacantomas: a fase

proliferativa, a fase de maturidade e a fase involutiva.

Segundo Ricotti et al. (2009), na fase proliferativa (2 a 10 semanas),
observa-se invaginacdo da epiderme atrofiada originando-se de foliculos
pilosos e preenchida por laminas de queratina. Pode haver numerosas figuras

de mitose e infiltrado inflamatério dérmico (Figura 4).

8

Figura 4. Imagem histolégica da fase proliferativa do Ceratoacantoma (magnificacéo original

100x).

Fonte: TAN e LEE, 2009.

Na fase de maturidade o ceratoacantoma apresenta depressdo central
crateriforme preenchida de queratina (ortoceratdsica) e cuja abertura é bem
limitada por um esporao formado pela invaginacdo da epiderme atrofiada que
recobre lateralmente a massa tumoral. A diferenciacdo ceratésica € bem
evidente, as mitoses e as anomalias nucleares sao relativamente numerosas.
Nesta fase, a queratinizacdo das células escamosas € intensa resultando em

aspecto eosinofilico palido. A proliferacdo displasica ndo ultrapassa o nivel das

12
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7

glandulas sudoriparas. O infiltrado inflamatorio do estroma é relativamente
denso, linfocitario, com eosinéfilos no inicio e posteriormente com plasmécitos

(Figura 5) (BRENN; MCKEE, 2005).

A fase involutiva ocorre apos 3 ou 4 meses e se caracteriza pela reabsorcao
do tumor e expulsdo do plug central de queratina. A derme adjacente ao
epitélio exibe aspecto de tecido de granulacdo seguido de fibrose (Figura 6). O
mecanismo de regressao se deve a manutencdo das relacdes entre a derme e
os foliculos pilosos (ciclo evolutivo dos pélos) e a mecanismos imunoldgicos

desencadeados pela reacao proliferativa e displasica (BRENN; MCKEE, 2005).

Figura 5. Imagem histoldgica da fase de maturidade do Ceratoacantoma (magnificagdo original

100x).

Fonte: TAN e LEE, 2009.

Figura 6. Imagem histologica da fase involutiva do Ceratoacantoma (magnificacdo original

100x).

Fonte: TAN e LEE, 2009.

13
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A importancia do conhecimento do ceratoacantoma reside no seu
diagnéstico diferencial com o carcinoma espinocelular, tumor biologicamente
maligno caracterizado pelo potencial de progressdo e destruicdo tecidual. De
modo geral, o exame clinico fornece elementos diferenciais: desenvolvimento
rapido em 3 ou 4 semanas; caracteristicas morfolégicas tipicas; auséncia de
infiltracdo profunda; tendéncia involutiva apds o 3° ou 4° més. Contudo, alguns
casos, com aspectos clinicos e histoldgicos atipicos séo de dificil diferenciacéo,
levantando o problema de transformagé&o carcinomatosa. Esta, embora rara, €

possivel, em especial nos ceratoacantomas multiplos (TAN; LEE, 2009).

Apesar da semelhanca entre as caracteristicas celulares do KA e do CEC, a
arquitetura do tumor pode funcionar como uma ferramenta valiosa na distincédo
das lesBes. Outro fator importante a ser analisado na diferenciacdo € a
capacidade de invasdo dos tumores. Excisdes de ceratoacantoma nédo estao
associadas com elevado risco de comportamento agressivo. Entretanto a
presenca de invasdo profunda € caracteristica marcante do carcinoma de
células escamosas. Quanto ao padrdo macroscopico, os KAs tendem a ser
tanto exofiticos quanto endofiticos com cratera central de queratina, enquanto o
CEC é predominantemente endofitico apresentando frequente ulceracdo. A
cratera € cercada por “labios” epiteliais, os quais estdao ausentes no CEC.
Abcessos intraepidérmicos, com células acantoliticas e leucadcitos
polimorfonucleares sdo bastante comuns no KA e raramente vistos no

carcinoma espinocelular (SCHWARTZ, 1994).

Ceratoacantoma inicia-se por pequena lesdo ceratésica e saliente de
crescimento rapido (3 a 4 semanas). Sao usualmente solitarios, centrado por

14
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zona arredondada hiperceratésica, em forma de cupula com nédulos rosa, de
0,5 a 2,0 cm de diametro (atingindo grandes dimensdes), de limites nitidos e

regulares (Figura 7) (KIRKHAM, 2009).

Figura 7. Ceratoacantoma com placas rosa, bordas elevadas e presenca de Ulcera

crateriforme no centro da lesao.

Fonte: RICOTTI et al., 2009.

Apos 2 a 3 meses de evolugéo, inicia-se a fase involutiva, com aumento de
didmetro da zona central ceratosica, a massa cornea é eliminada, os bordos da
lesdo esbatem-se gradualmente. A cicatriz € ligeiramente deprimida, lisa,
limitada por vezes por bordo filiforme que persiste. O tempo total de evolucdo

espontanea €, em geral, de 3 a 6 meses (KIRKHAM, 2009).

O KA é geralmente solitario, mas multiplas lesées podem ocorrer. Existem
diversos tipos especiais morfolégicos, dentre eles: KA centrifugo, KA gigante,
KA subungueal, KA intraoral e de membranas mucosas, KA eruptivo

generalizado e KA multiplo (WEEDON, 2003).

15
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2.1.3 Carcinoma de Células Escamosas (CEC)

O Carcinoma de Células Escamosas ou Carcinoma Espinocelular (CEC) é
um tumor maligno que surge na epiderme através da proliferacdo
descontrolada de queratindcitos transformados (DOOLEY et al.,, 2003;

GARCIA- ZUAZAGA; OLBRICHT, 2008).

Existem multiplos subtipos de CEC que diferem entre si quanto a
histopatologia e ao progndstico. Entretanto, a forma convencional do carcinoma
espinocelular consiste em proliferacdo irregular e anarquica de queratindcitos
atipicos, ricos em anomalias nucleares e mitoses. O CEC também apresenta
acentuado componente estromal com invasao perineural, formacéo de pérolas
de queratina e de pontes intercelulares (Figura 8). O tumor é formado por
massas ou trabéculas de dimensfes muito diversas, de limite mal marcado e
em contato, mais ou menos extenso, com a superficie malpighiana, invadindo a

derme (GURUDUTT; GEDEN, 2010).

Figura 8. Imagem histolégica do Carcinoma Invasivo de Células Escamosas (magnificagdo
original 100x). Presenca de células epiteliais escamosas que surgem na epiderme e estende-
se profundamente na derme (seta preta). Nesta lesdo observa-se a presenca de pérolas

corneas (seta vermelha).

Fonte: RICOTTI et al., 2009.

16
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Todos os aspectos intermediarios podem ser observados, entre as formas
muito diferenciadas, ricas em pérolas de queratina, e as formas quase
completamente indiferenciadas ou anaplasicas, as quais sao dificilmente
diferencidveis das células conjuntivas. De modo geral, admite-se que quanto
mais elevado for o grau de diferenciacdo melhor € o progndéstico (BHANDARI;

PAI, 2014).

O CEC surge em regides danificadas pelo sol, principalmente na cabeca e
pescoco. Inicialmente, as lesbes apresentam-se como papulas vermelhas
escamosas. Posteriormente, evoluem para placas ou nddulos firmes, lisos ou
hiperceratético, com ulceracado presente (Figura 9). Pacientes podem descrever
essas lesb6es como feridas pruriginosas ou dolorosas, que sagram quando
traumatizadas (ALAM; RATNER, 2001; GARCIA-ZUAZAGA; OLBRICHT,

2008).

Figura 9. Apresentacéo clinica do Carcinoma Cuténeo de Células Escamosas.

Fonte: GARCIA-ZUAZAGA,; OLBRICHT, 2008.
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2.1.4 Carcinoma de Células Basais (CBC)

O carcinoma de células basais ou carcinoma basocelular (CBC) é o tumor
maligno cutaneo localmente invasivo com maior incidéncia em individuos de
pele clara. As células neoplasicas originam-se de células epiteliais imaturas
pluripotentes da camada basal da epiderme e mais raramente de partes do
complexo cuténeo pilo-sebaceo ou outros apéndices cutaneos (RUBIN; CHEN;

RATNER, 2005; WETZIG et al., 2009; SKELTON, 2009).

As diferentes variedades clinicas dos carcinomas basocelulares tém

caracteristicas citologicas e arquiteturais comuns, bastante tipicas.

As células tumorais possuem citoplasma reduzido, mal limitado, com ndcleo
oval ou arredondado, muito basoéfilo com mitoses numerosas. A arquitetura do
tumor resulta do modo de agrupamento das células em massas arredondadas
ou alongadas e trabeculares, mais ou menos anastomosadas entre si, de
dimensdes variaveis, densas, muito basofilas, cujos limites sdo nitidos. Na
periferia, as células tomam forma alongada, dispondo-se perpendicularmente a
linha de delimitacdo, em palicada, lembrando a camada basal epidérmica. As
“‘ilhas” de células basaldides estdo em contato com a epiderme suprajacente
(Figura 10), ulcerada ou ndo, ou com a bainha epitelial externa dos foliculos
pilosos, ou ainda mostram-se dispersa na derme. Admite-se que 0s carcinomas
basocelulares sdo tumores originados de células epiteliais imaturas
pluripotentes da camada basal da epiderme. Deste modo, de acordo com a
maior ou menor diferenciacdo celular, e conforme as relacdes entre o tecido
epitelial e a derme circundante, observam-se diversas variedades histoldgicas.

(CHINEM; MIOT, 2011).
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Figura 10. Imagem histoldgica do carcinoma basocelular padrdao nodular (magnificacao original
200x). Observa-se a presenca de “ilhas” de células basaldides (setas pretas), com disposi¢édo
em palicada (seta vermelha) das células na periferia e arranjo desorganizado das células no

interior do tumor.

Fonte: RICOTTI et al., 2009.

Os carcinomas basocelulares exibem varios subtipos diferentes que
ocorrem em diferentes localizagcdes anatdémicas. Aproximadamente 80% dos
casos ocorrem na cabeca e pescoco, e 0 restante no tronco e membros

inferiores, principalmente em mulheres (BRENN; MCKEE, 2009).

A apresentacao clinica mais comum é o carcinoma basocelular nodular, que
inicialmente apresenta-se como papula résea perlacea crescendo
progressivamente a nodulo, com posterior ulceracdo central, recoberta de
crosta, ocorrendo sangramentos quando traumatizadas (Figura 11). As bordas
geralmente sdo cilindricas, translicidas mostrando formacdes perlaceas e

eventualmente finas teleangiectasias (CARR; TAIBJEE; SANDERS, 2007).

O CBC é um tumor de crescimento lento, entretanto apresenta

comportamento biologico agressivo e invasivo, e se negligenciado pode
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espalhar-se profundamente causando grande destruicdo nos tecidos

adjacentes, como musculo, cartilagem e osso (CHINEM; MIOT, 2011).

Figurall. Apresentacdo clinica do carcinoma de células basais. A lesdo apresenta grande

nédulo com ulceragdo central, aparéncia perolada e presenga de teleangiectasia.

Fonte: RICOTTI et al., 2009.

2.2 Importancia biolégica dos carboidratos

Os carboidratos sdo as moléculas organicas mais abundantes encontradas
na natureza, e a maioria dos organismos sintetiza e metaboliza. A complexa
heterogeneidade dos hidratos de carbono em sistemas vivos € o resultado
direto de vérias caracteristicas: capacidade dos residuos de acUcar formar
ligacbes glicosidicas um com o0s outros, caracteristica estrutural dessas

moléculas, tipo de ligacdo anomérica, a posicdo e a auséncia ou presenca de

ramificacdes (BERTOZZI; RABUKA, 2009).
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E estimado que 50% de todas as proteinas das células dos mamiferos s&o
glicosiladas em um determinado momento (ADAMCZYK; THARMALINGAM;
RUDD, 2012). Deste modo, a glicosilacdo € uma das mais importantes
modificacbes pos-traducionais (MPTs) das proteinas. A adicdo de carboidratos
pode influenciar a carga, a conformagdo e a estabilidade das proteinas,
conferindo heterogeneidade a biomoléculas, tendo como consequéncia direta o
surgimento de varias glicoformas possiveis, ou seja, glicoformas heterogéneas
da mesma proteina podem ter propriedades ou atividade biolégica diferentes.
Os glicanos ligados as proteinas sdo compostos por sete monossacarideos
diferentes (Figura 12), manose (Man), glicose (Glc), galactose (Gal), N-acetil-D-
glicosamina (GIcNAc), N-acetil-D-galactosamina (GalNAc), fucose (Fuc) e

acidos sialicos (SA) ou acidos neuraminicos (NeuNAc) (DWEK, 1996; LAZAR

et al., 2011).
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que compbem os glicanos ligados as

Fonte: BROOKS, 2009.
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Os glicoconjugados (Figura 13) sdo componentes estruturais dos receptores
de proteinas que transmitem informacfes entre as células e o ambiente para
controlar aspectos fundamentais do comportamento celular, e a variabilidade
estrutural e complexidade desses glicanos de superficie celular permitem que
os mesmos funcionem como moléculas de sinalizacdo, reconhecimento e

adeséo celular (BROOKS, 2009).
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Figura 13. Principais carboidratos envolvidos em importantes funges fisiologicas.

Fonte: FUSTER; ESKO, 2005.

Os glicanos da superficie celular estdo envolvidos em importantes funcées
fisiol6gicas, tais como, desenvolvimento embriondrio normal, diferenciacdo e
crescimento celular, inibicdo por contato, reconhecimento célula-célula,

interacdo patdégeno-hospedeiro, reconhecimento imunoldgico, desenvolvimento
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de doencas, metastase, trafico, localizacdo e degradacdo intracelular de
biomoléculas e rigidez da membrana (GHAZARIAN; IDONI; OPPENHEIMER,

2011).

A estrutura dos glicanos ndo depende apenas dos genes. Os niveis de
glicosiltransferases e glicosidases no reticulo endoplasmatico e aparelho de
Golgi, bem como a disponibilidade de substratos doadores no local determinam
os padrdes de glicosilacdo e lipideos e proteinas (Figura 14). Os substratos
doadores sao derivados da glicose extracelular e da degradacao dos
glicoconjugados nos lisossomos, atravées da acdo de glicosidases e outras
enzimas, como por exemplo epimerases (VASCONCELOS-DOS-SANTOS et
al., 2015). Portanto, alteracbes na expressdo dessas enzimas pode
desencadear uma cascata de eventos que estdo envolvidos na transformacao

oncogénica das células (BLOMME et al., 2009).
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2.3 Glicosilagédo e Cancer

Todos os tipos de células malignas demonstraram alteragcbes em seus
padrées de glicosilacdo quando comparados as células normais
(POWLESLAND et al., 2009). As células tumorais tém alterado o metabolismo
da glicose, produzindo ATP através da glicélise mesmo sob condicdo
normoxica e, deste modo, aumentando a absorcdo do carboidrato
aproximadamente dez vezes mais do que o tecido normal adjacente afim de
sustentar um metabolismo altamente exigente. Este desvio metabdlico foi
denominado “Efeito Warburg”, e é critico para manutencgao do fendtipo maligno
(WARBURG, 1956). A alta taxa de fluxo glicolitico € uma caracteristica
metabolica central dos tumores, influencia a expresséo dos transportadores de

glicose (Glut) (CARVALHO et al., 2011).

No microambiente do tumor, alteracbes na estrutura e/ou distribuicdo dos
carboidratos permitem que as células neoplasicas interfiram em alguns eventos
gue propiciam a invasao e disseminacdo de células tumorais pelo organismo
(metastase), angiogénese e silenciamento do sistema imune, tais como,

ativacao de receptores, adesado e motilidade celular (FUSTER; ESKO, 2005).

Varios carboidratos sdo reconhecidos como mediadores de eventos
fisiopatoldgicos durantes as etapas de progressdo do tumor (Figura 15). A
progressao tumoral envolve uma série de alteragdes na sinalizacdo intracelular
e intercelular, que promovem a desregulacdo do ciclo celular e facilitam a
proliferacdo para promover o surgimento de um subconjunto de células
invasoras que se dissociam do tumor, digerem a membrana basal e a matriz
extracelular e migram para outras regibes. As células tumorais que se
dissociam formam uma rede neovascular de células endoteliais do hospedeiro
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(angiogénese), se aderem a plaquetas, leucocitos ou a células endoteliais dos

vasos sanguineos ou linfaticos para facilitar a evasado do sistema imune inato.

Finalmente, uma célula remanescente invade, neovasculariza e se prolifera em

um novo tecido (FUSTER; ESKO, 2005).
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Girnita e colaboradores (2000) observaram que o tratamento de células
neopléasicas do melanoma e do sarcoma com inibidores da N-glicosilagdo in
vitro inibiu o crescimento de tumores dependentes da sinalizac&o pelo receptor
do fator de crescimento semelhante a insulina (IGF 1R). A N-glicosilacdo do
IGF 1R € necesséaria para fosforilacdo e translocacdo desta proteina na
superficie celular, e o subsequente crescimento e sobrevivéncia das células

neoplésicas.

Inibidores de pequenas molécula da via glicolitica e 2-deoxi-D-glicose (2-
DG), analogo estavel da glicose e inibidor da hexoquinase (enzima chave da
via glicolitica), tém sido utilizados como farmacos para o tratamento de células
tumorais (PELICANO et al., 2006; JUNG et al., 2013; LI et al., 2013; DATTA et

al., 2013; MULEY; OLINGER; TUMMALA, 2015).

Smetana et al. (2003) reportaram que laminina, principal componente da
membrana basal, exibem epitopos sacaridicos unicos (oligossacarideos ricos
em manose). Portanto, a alteragado na expressao de a-D-glicose/manose nesta
proteina pode modificar as interacbes adesivas entre células transformadas,
contribuindo para desprendimento das células cancerosas do tumor primario,

motilidade e aquisicdo de um fenaotipo invasivo.

Véarias mudancas estruturais comuns ocorrem em glicanos tumorais e
podem afetar as interacfes entre os glicanos de superficie celular do tumor
com as lectinas endogenas, os quais podem determinar o potencial metastatico
das células neoplésicas, incluindo aumento no nivel de ramificacdo das
estruturas, bem como o aumento na expressdo de sequéncias terminais
incomuns (KIM; VARKI, 1997). Estas mudancas frequentemente resultam no
aumento da exposicao de residuos de galactose terminais, tais como aqueles
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encontrados no antigeno T cancer-associado (Gal B1-3 GalNAc) e o
trissacarideos Lewis X (Galfl 4(Fucal-3)GIcNAc) (POWLESLAND et al.,

2009).

Dentre as inUmeras técnicas existentes para andlise da mudanca na
composicdo de glicanos, as lectinas funcionam como eficientes ferramentas
para deteccdo e andlise de carboidratos devido a sua elevada especificidade

da interacao lectina-carboidrato (BROOKS, 2009).

2.4 Lectinas e suas interacdes com os carboidratos

Lectinas, geralmente derivadas de plantas, demonstraram ser muito
eficiente para detectar glicosilacdo aberrante em células (AUDFRAY et al.,
2015). Estas proteinas ou glicoproteinas, de origem nao imune, possuem a
habilidade de se ligar especificamente a mono ou a oligossacarideos de forma
reversivel, sendo frequentemente encontradas na superficie celular ou em
particulas intracelulares (SHARON; LIS, 1989; MODY; JOSHI; CHANEY, 1995;
MINKO, 2004; SHARON; LIS, 2004; BOUCKAERT et al., 2005; RABINOVICH
et al., 2007). Estas moléculas contém dois ou mais sitios de ligacéo a agucares
e podem aglutinar células e/ou precipitar complexos de carboidratos

conjugados a proteinas e lipideos (MODY; JOSHI; CHANEY, 1995).

O termo lectina é derivado da palavra legere, cujo significado em latim é
“escolher” ou “selecionar”. Os estudos sobre lectinas foram iniciados em 1888,
guando Herrmann Stillmark descreveu a capacidade de aglutinacdo da ricina

(VARKI et al., 2009). Essas proteinas foram inicialmente encontradas e
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descritas em plantas, e posteriormente isoladas de microrganismos e animais

(SHARON,; LIS, 2004).

As lectinas funcionam como mediadores da transferéncia de informacgdes
em sistemas biologicos, exercendo suas funcdes através da interacdo com
glicoproteinas, glicolipideos e oligossacarideos (Figura 16) (NILSSON, 2007).
Este grupo de proteinas pode ser encontrado em diferentes compartimentos
celulares dos organismos, e a sua localizacao reflete a sua diversidade de
funcdo. Lectinas enddgenas participam de varios processos bioldgicos, tais
como, reconhecimento ceélula-célula, interacbes célula-matriz extracelular,
fertilizagdo, desenvolvimento embrionario, crescimento, diferenciagao,
sinalizacdo, adesdo e migracdo celular, apoptose, imunomodulacdo e
inflamacéo, interacdo patdgeno-hospedeiro, dobramento e enderecamento de
glicoproteinas, inducdo mitogénica e homeostase (GHAZARIAN; IDONI;

OPPENHEIMER, 2011).
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Figura 16. Interacdes de superficie celular lectina-carboidratos.

Fonte: SHARON,; LIS, 2004.

As sequéncias de aminoacidos de varias lectinas e as estruturas
tridimensionais das mesmas tém sido elucidadas. Isto torna possivel substituir
a tradicional divisdo de lectinas de acordo com a sua origem, ou seja, plantas
animais e microorganismos, por uma classificacdo baseada em caracteristicas
estruturais comuns. A maioria das lectinas pode ser classificada em trés
grupos: simples, mosaico (multidominio) e complexos macromoleculares.
Dentro de cada classe, as lectinas podem ser agrupadas em familias distintas

com sequéncias semelhantes e propriedades estruturais (LIS; SHARON, 1998).
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Lectinas simples possuem um pequeno numero de subunidades, nédo
necessariamente idénticas, de baixo peso molecular (abaixo de 40 KDa), as
quais podem conter um dominio adicional além do sitio de ligacdo ao
carboidrato. Cada monémero é constituido B-folha antiparalelas ligadas por
loops curtos e voltas, e desprovido de qualquer estrutura helicoidal. Esta
categoria inclui praticamente todas as lectinas de vegetais conhecidas, bem
como as galectinas (Figura 17), uma familia de lectinas de origem animal que
reconhece especificamente residuos de galactose (LIS; SHARON, 1998;

ETZLER; SUROLIA; CUMMINGS, 2009).

No grupo mosaico (multidominio) estdo incluidas diversas proteinas de
diferentes fontes: hemaglutininas virais e as lectinas animais tipo C, P, | (Figura
17). Possuem uma ampla faixa de pesos moleculares, que consistem de varios
tipos de médulos de proteinas ou dominios, e apenas um deles possui o sitio
de ligacao ao carboidrato. A maioria dessas lectinas € monovalente, entretanto,
guando inseridas em membranas, agem de forma multivalente. As lectinas tipo-
C sdo nomeadas assim porque precisam de Ca®" no sitio de ligacdo para
reconhecer os carboidratos. Pertencem a este grupo mais de 50 proteinas,
todas caracterizadas por um dominio de reconhecimento ao carboidrato (CRD)
composto por 115-130 aminoéacidos, dos quais 14 sao invariantes e 18 sao
altamente conservados. As lectinas incluidas neste grupo foram agrupadas em
trés familias: lectinas endociticas, colectinas e selectinas (LIS; SHARON, 1998;

CUMMINGS; MCEVER, 2009).

O CRD tipo P foi encontrado apenas em dois tipos de lectinas: receptores
de manose-6-fosfato, um de alto peso molecular (300 KDa) e ndo necessitam

de cations para a sua atividade e outro de baixo peso molecular (45 KDa) cuja
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atividade é Ca®" dependente. Ambas s&o glicoproteinas transmembranas

(VARKI; KORNFELD, 2009).

Lectinas tipo-l sdo caracterizadas por possuirem numeros variados de
dominios celulares semelhantes a imunoglobulina. Portanto, séo membros da
superfamilia das imunoglobulinas. A mais importante e melhor lectina
caracterizada é a sialoadesinas, familia de glicoproteinas que reconhece
especificamente residuos de &cido sialico e possuem dominio extracelular
semelhante a regido variavel das imunoglobulinas. Estas proteinas estao
presentes na superficie de macréfagos, linfocitos e células mieldides (VARKI;

CROCKER, 2009).

As lectinas do tipo-R pertencem a superfamilia de proteinas as quais
contém um CRD estruturalmente semelhante ao da ricina. Estas lectinas estao
presentes em animais, bactérias e plantas, as quais contém uma subunidade

separada (toxina potente) (CUMMINGS; ETZLER, 2009).

Os complexos macromoleculares sao encontrados em bactérias,
geralmente sob a forma de fimbrias (ou pili), organelas filamentosas
heteropolimérica presentes na superficie bacteriana. O “tronco” do filamento
fimbrial € composto de unidades protéicas que desempenham um papel
estrutural. Apenas uma subunidade destas proteinas possui o sitio de ligacéo
ao carboidrato responsavel pela atividade e especificidade ao acglUcar das
fimbrias, por exemplo para manose (fimbria tipo 1) ou galabiose (fimbria P)

(GAASTRA, 1996; LIS; SHARON, 1998).
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Figura 17. Exemplos esquematicos dos principais tipos de lectinas animais, com base na

estrutura da proteina.

Fonte: VARKI et al., 2009.

Além disso, essas proteinas podem também ser classificadas de acordo
com a quantidade de CRD que possuem (Figura 18); merolectinas,

hololectinas, quimerolectinas e multilectinas. As merolectinas possuem apenas
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um sitio de ligacdo a carboidrato e, portanto, sdo incapazes de aglutinar
células. As hololectinas (maioria das lectinas) sdo compostas por dois ou mais
sitios de ligacdo a acuUcares idénticos, e possuem a capacidade de aglutinar
células e precipitar glicoconjugados. As quimerolectinas sdo constituidas de
sitios ligantes a carboidratos e outro sitio com atividade catalitica ou biolégica
diferente que reagem independentemente do dominio ligante a agucares. As
multilectinas possuem sitios de ligacdo a carboidrato idénticos, mas com

especificidades diferentes (PEWMANS E VAN DAMME, 1995)

Merolectinas ]
Hololectinas
Quimerolectinas Multilectinas

Figura 18. Classificagéo das lectinas de acordo com a quantidade de CDR.

Fonte: BRUSTEIN, 2007
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Nas ultimas décadas, a interacdo entre lectinas e carboidratos tem sido o
foco de inumeros estudos devido ao papel fundamental que ela desempenha
nos processos bioldgicos citados acima. Por muito tempo, o advento do dogma
central da biologia molecular e a investigacdo de sequéncias de peptideos,
proteinas, DNA e outras intera¢c6es foram o objetivo de estudos da comunidade
cientifica. Todavia, os carboidratos possuem um elevado potencial para
armazenar ou transcrever informacdes tanto quanto os nucleotideos e 0s
aminoacidos. Isso se deve ao fato de que os acglUcares assumem muitas

conformacdes monoméricas (VARKI et al., 2009).

As interacdes entre os glicanos (oligo, mono e polissacarideos) e as lectinas
séo estabelecidas por meio do CRD, os quais sao “rasos” e pré-formados, uma
vez que poucas mudancas conformacionais ocorrem apés a ligacdo entre as
moléculas (WEIS; DRICKAMAR, 1996). As interacOes entre os carboidratos e
as lectinas sdo semelhantes as interacdes estabelecidas por antigenos e
anticorpos, ou seja, fracas (constantes de dissociacdo na faixa de milimolar),
seletivas, reversiveis e ocorrem sem que haja reacdo quimica.
(JEYAPRAKASH et al., 2003). Isto se faz necessario para a participacao destas
proteinas nos mecanismos biolégicos. Entretanto, algumas lectinas séo
capazes de reconhecer glicanos com alta afinidade (constantes de dissociacdo

na faixa de nanomolar) (VARKI et al., 2009).

Como citado anteriormente, uma Unica lectina pode reconhecer diferentes
carboidratos, por exemplo, certas variagbes na posicdo C-2 do anel
piranosideo podem ser toleradas, resultando na interacdo de lectinas glicose-
especifica com a manose, e na interacdo de lectinas galactose-especifica com

N-acetilglicosamina (PEI, 2006).
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J& se tem o conhecimento de que lectinas se ligam a carboidratos através
de pontes de hidrogénio entre os grupos hidroxil dos carboidratos e os residuos
dos aminoacidos polares (Figura 19). As interacdes proteina-carboidrato sao
frequentemente mediadas por ions metélicos presentes em seus sitios de
ligacdo especificos para carboidratos, tais como célcio, zinco e magnésio.
Estes ions formam pontes entre os atomos de oxigénio das hidroxilas dos
carboidratos e os residuos carregados negativamente das lectinas. As posicdes
das faces apolares dos carboidratos e os residuos dos aminoacidos aromaticos
encontrados na estrutura do complexo proteina-carboidrato indicam outro tipo
de contato classificado como interacdes hidrofobicas ou de van der Waals

(WIMMEROVA et al., 2012).

O complexo lectina-carboidrato ndo possui uma Uunica conformacgao
estrutural. Uma vez formado, as posi¢cdes das moléculas podem mudar, isto €,
o carboidrato pode se mover dentro do CRD, as cadeias secundarias dos
carboidratos podem rotacionar e também, o carboidrato pode eventualmente
deixar o sitio de ligacdo e interagir com outras partes da proteina (LIS;

SHARON, 1998).
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Figura 19. Interacdo dos monossacarideos do gangliosideo GM1 ligado a subunidade B da

toxina da coléra.

Fonte: VARKI et al., 2009.

Ensaios imunoenzimaticos (ELISA — “enzyme-linked immunosorbant assay”)
sdo metodos utilizados para monitorar a especificidade das lectinas por
carboidratos. Esses ensaios utilizam mono, oligossacarideos ou
glicoconjugados, com o objetivo de avaliar qual deles apresenta maior
afinidade pela lectina. Entretanto, o uso de técnicas capazes de monitorar
diretamente a interacdo lectina-carboidrato, como interferometria de
polarizacdo (RICARD-BLUM et al., 2006), ensaio de lectina ligado a enzima
(ELLAS) (WU et al., 2006), espectroscopia de impedancia (La BELLE et al.,
2007), microbalanca de cristal de quartzo (QCM) (SHEN et al., 2007), técnicas
de microarray (LIANG et al.,, 2007), ressonancia plasménica de superficie
(SPR) (LINMAN et al., 2008), raio-X e espectroscopia de ressonancia

magnética nuclear (NMR) (ARDA et al.,, 2011), tém sido amplamente
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divulgadas como modelo nos estudos de interagbes moleculares.
Polissacarideos ou monossacarideos terminais presentes em glicoconjugados
interagem com os sitios de ligacdo ao carboidrato das lectinas com maior
avidez. Constantes de afinidade para essas moléculas sdo mil vezes maiores

do que as observadas para monossacarideos (LIS; SHARON, 1998).

24.1 Concanavalina A (Con A)

Con A é uma lectina de origem vegetal, obtida das sementes de Canavalia
ensiformes (Familia Leguminosae, tribo Phaseoleae, subtribo Diocleinae) que
se liga especificamente as unidades de a-D-manose/glicose de carboidratos
complexos. Sua estrutura molecular, reportada por Sanders e colaboradores
(2001), é composta por duas subunidades idénticas de 237 residuos de
aminoacidos de 25,5 KDa cada uma (Figura 20). Ela se apresenta como
dimero em pH 4,5 a 6,0, e em pH maior que 7,0, &€ predominantemente um

tetramero (DAM; BREWER, 2002).

O reconhecimento dos carboidratos pela Con A ocorre através de ligacdes
do tipo pontes de hidrogénio formadas entre os residuos de aminoacidos
apolares Asnl4, Arg228, Tryl00 e Asp208 e os atomos de oxigénio do anel
glicosidico, formando o chamado “cluster effect”’. Além disso, para a molécula
de Con A se ligar aos residuos de carboidratos, dois fons metalicos, Mn** e
Ca®', devem estar presentes no meio. Cada fon Mn?" esta coordenado aos
residuos Glu8, His24, Aspl0 e Aspl9 da unidade monomérica da lectina, e

duas moléculas de &gua, enquanto o Ca®*" estd coordenado aos residuos
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Aspl0, Aspl9, Tryl2 e Arg228, e mais duas moléculas de adgua (LORIS et al.,

1998; SANDERS et al., 2001).

Figura 20. Diagrama esquemaético da estrutura tetramérica da Con A no qual se observam os

guatro sitios de ligacdo para carboidratos.

Fonte: LORIS et al., 1998.

2.4.2 Wheat germ aglutinina (WGA)

WGA, membro da familia dos cereais obtida do Triticum vulgaris (trigo), é
uma mistura de trés isolectinas (WGA 1, WGA 2 e WGA 3), produto de
diferentes genes, que diferem levemente na composi¢do dos seus aminoacidos
(SCHWEFEL et al., 2010). A proteina fisiologicamente ativa € um homodimero
de duas subunidades idénticas de 36 kDa desprovidos de metais que se
associam em um modelo “cabecga-cauda” (Figura 21). Cada subunidade é
constituida de quatro subdominios homdlogos (A a D) de 43 aminoacidos, 0s
dominios sdo similarmente enovelados com quatro pontes dissulfeto
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posicionadas de maneira idéntica, tornando a molécula altamente estavel. A
WGA exibe especificidade para dois tipos de agucares N-acetilados, N-acetil-D-
glicosamina (GIcNAc) e N-acetil-acido neuraminico (NeuNAc) (LIS;SHARON,

1998; SCHWEFEL et al., 2010).

Como ilustrado na figura 21, a partir de estudos com cristais de mono-, di- e
trissacarideos, dois sitios/subunidades de ligacgdo a carboidratos
independentes tém sido identificados nas regides de contato dos dominios dos
mondmeros opostos 1 e 2 (B1/C2 ou B2/C1l, D1/A2 ou D2/Al). Um dos
dominios participantes age como “principal” (pr) dominio de ligagdo e o outro
como dominio “auxiliar” (hl) (B1(pr)/C2 (hl) e D1 (pr)/A2 (hl), etc). O dominio
“pr’ proporciona numerosos contatos com o sacarideo ligado através de trés
residuos de aminoacidos aromaticos nas posicoes 21, 23 e 30, e uma serina na
posicdo 19 do dominio. O dominio “hl” contribui com um grupo carboxil,

preferencialmente um glutamato, na posicao 29 (SCHWEFEL et al., 2010).

WGA tem sido utilizada como uma importante ferramenta para o estudo de
ativacao de plaqueta (RENDU; LEBRET, 1984), transporte de glicose (YANG et
al., 2000), fertilizacdo (OKUMURA et al., 2012), inibicdo do crescimento celular

(EBERT et al., 2009) e glicobiologia do cancer (REGO et al., 2013a).
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Figura 21. Estrutura cristalina da isoforma 1 da lectina dimérica WGA. Cadeia polipeptidica 1

em verde e a 2 em ciano.

Fonte: SCHWEFEL et al., 2010.

1.4.3 Peanut aglutinina (PNA)

O nome “peanut agglutinin”® foi originado a partir da sua habilidade em
aglutinar linfécitos T e hemacias tratadas com a enzima neuraminidase
(RAVISHANKAR et al., 2001). PNA, lectina isolada do amendoim Arachis
hypogaea, possui especificidade pela sequéncia Gal-B(1-3)-GalNAc e
apresenta estrutura homotetramérica (Figura 22) com quatro mondmeros
idénticos de ligacdo a carboidratos com peso molecular de 110 KDa e
constituida por 236 residuos de aminoacidos. Cada subunidade é constituida
por estruturas em folhas-B interconectadas por algcas de comprimento variavel
(BANERJEE et al., 1996; NATCHIAR et al., 2006). O principal nucleo
hidrofobico das subunidades esta entre as duas principais folhas-p. Existe um

nucleo hidrofébico secundario entre a superficie concava dobrada. O local de
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ligacdo ao acucar é composto por 4 alcas localizadas no topo da dobra. Como
em toda lectina derivada de legumes, os ions Ca*" e Mn?" estdo envolvidos na
orientacdo dos grupos que interagem com o carboidrato (NATCHIAR et al.,

2006).

PNA tem sido utilizada na triagem de células progenitoras do timo e
deteccdo de células malignas (ADHIKARI et al., 2001), na identificacdo de
grupos sanguineos (KHAN et al., 2002), em sistemas de nanocarreadores
especificos de drogas (DAL BO et al., 2014) e na avaliagéo do glicofenétipo de
tumores mamarios (CAMPOS et al., 2006; BRUSTEIN et al., 2012), cutaneos

(LIMA et al., 2013) e prostaticos (SILVA et al., 2014).

Figura 22. Representacdo da estrutura tridimensional da PNA ligada a seqiéncia sequéncia
Gal-B(1-3)-GalNAc por interagBes de van der Waals. As quatros subunidades esté@o indicadas
2+

por A, B, C e D. As esferas magenta e ciano representam 0s ions Mn®" e Ca

respectivamente.

Fonte: NATCHIAR et al., 2006.
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1.4.4 Ulex europaeus aglutinina-1 (UEA-I)

A lectina UEA-I reconhece especificamente residuos de a-L-fucose e
oligossacarideos que contém fucose, como por exemplo, a-L-Fuc (1—2) B-D-
Gal (1—4) B-D-GIcNAc (CAZAL; LALAURIE, 1952), e forma um homotetramero
(Figura 22) com peso molecular 63 KDa (MEISSNER et al., 1995). Trabalhos
comprovaram que a isoforma UEA-I se liga as células do epitélio olfativo e
nasal (HOLMES et al., 1985; TUORI; VIRTANEN; UUSITALO, 1994), cérneo-
conjutival (HASSID et al., 1997; MALZ; SCHWARTZ; KUHN, 1999), do trato
digestivo e as células M da placa de Peyer (CLARK et al., 1995; KESSIMIAN et
al., 1986; SHARMA; SCHUMACHER; ADAM, 1998), na membrana celular de
células do carcinoma mucoepidermoide de glandula parotida (SOBRAL et al.,
2010) e aos tumores derivados de células endoteliais e epiteliais (MIETTINEN
et al., 1983), células de tumores cutaneos (LIMA et al., 2013) e de tumores

mamarios (ANDRADE et al., 2013).

Figura 23. Representagéo da estrutura tridimensional da UEA.

Fonte: LORIS et al., 2000.
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145 Maackia amurensis aglutinina (MAA)

A presenca de um composto com atividade hemaglutinante nas sementes
de Maackia amurensis foi descrito em 1960 por Boyd e colaboradores. Duas
isolectinas foram purificadas e denominadas hemaglutinina (MAH) e
leucoaglutinina (MAL), refletindo suas especificas atividades de aglutinacao
para diferentes tipos de células sanguineas. MAL apresentou forte
especificidade para as cadeias de carboidratos contendo &cido sialico,
particularmente para a sequéncia aNeuAc(2-3)pGal(1-4)BGIcNAc/Glc. A
unidade assimeétrica contém duas subunidades (A e B) com 258 aminoéacidos.
Cada mondmero se dobra em duas folhas-p e depois se associam para formar
um dimero com 74 KDa (34 e 35 KDa cada mondmero), caracterizado por uma
grande cadeia folha-p resultante do ponto de encontro da parte anterior de
duas folhas. Quando em solucdo, os dimeros se reunem e formam um
tetramero (Figura 23). Os dois dimeros interagem através da sua parte externa
e, como resultado, gera um grande canal no meio do tetramero (YAMAMOTO;
KONAMI; IRIMURA, 1997; IMBERTY et al., 2000).

MAA mostrou ser uma potente sonda para avaliacdo do glicofenotipo de
tumores cutaneos (LIMA et al., 2013) e mamarios (BADR et al., 2013), de
polipos nasais de pacientes com fibrose cistica (HASSID et al., 2000), de
cancer de pulmdo de células ndo-pequenas (MEHTA et al.,, 2013) e para
deteccdo de receptores do virus influenza em camundongos (NING et al.,
2009). Aléem disso, atua como importante agente indutor de apoptose em

células de cancer de pulméo de células ndo-pequenas (LALLI et al., 2015).
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Figura 24. Estrutura tetramérica da MAA. Os fons Ca®* e Mn®" estdo representados como

esferas verde e magenta, respectivamente.

Fonte: IMBERTY et al., 2000.

2.5 Isoterma de Langmuir

Os calculos das constantes de afinidade aparente (K,) das lectinas por
diferentes acucares podem ser realizados de acordo com o modelo de
adsorcao de Langmuir. As isotermas sdo curvas que indicam a forma como o
adsorvente efetivamente adsorvera o soluto, se a purificacdo requerida pode
ser obtida, oferece uma estimativa da quantidade maxima de soluto que o
adsorvente adsorvera e fornece informacdes que determinam se o adsorvente
pode ser economicamente viavel para a purificagdo do liquido (MEZZARI,

2002; MORENO-CASTILLHA, 2004). Existem diversos tipos de isotermas e

44



Lima, LRA Revisao Bibliografica

estas podem ser agrupadas em seis classes, enquadradas nos tipos de | a V
da classificacao proposta por Brunauer, Emmett e Teller (GREGG; SING, 1982)
e por PIERCE enquadrada o tipo VI (SMISEK; CERNY, 1970). Equacdes
tedricas ou semi-empiricas foram desenvolvidas para interpretar ou predizer as

isotermas. As equacgdes de Langmuir, Freundlich e BET séao as mais utilizadas.

Em 1918, Langmuir propds uma teoria para explicar a adsor¢cdo sobre uma
superficie uniforme, simples, infinita e ndo porosa. O modelo baseia-se na
hip6tese de movimento das moléculas adsorvidas pela superficie do
adsorvente, de modo que a medida que mais moléculas sdo adsorvidas, ha
uma distribuicdo uniforme formando uma monocamada que recobre toda a
superficie (AMUDA et al., 2007). A teoria de Langmuir utiliza o conceito
dindmico do equilibrio de adsorcdo que estabelece a igualdade nas
velocidades de adsorcdo e dessorcdo. Sao utilizadas as seguintes
aproximacdes: a adsorcdo € monomolecular, a superficie &€ energeticamente
homogénea e ndo existe interacdo entre as particulas adsorvidas (RADHIKA;

PALANIVELU, 2006).

A expressao da isoterma de Langmuir é representada pela equacéao abaixo:

_ Qm " Kp " Ce
1+ Qm - Ce

Qe

Onde:

K. é a constante de Langmuir que fornece a capacidade de adsorcao tedérica na

monocamada (L g™);
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Qm é uma constante relacionada com a energia de adsorcado (L mg™);
Ceé a concentracdo do adsorbato no equilibrio (mg L™);

Q. é a quantidade adsorvida por grama do adsorvente (mg g™);

Os parametros de adsorgdo, Qm e K., podem ser determinados
transformando a equacdo de Langmuir para a forma linear. A equagéao

linearizada é expressa a sequir:

C. 1 1
Qe QmKL KL

Construindo um grafico temos que, C¢/Q.em funcéo de C. € uma reta com
intersecdo 1/QnK. e inclinacdo 1/K,.
Para prever se a isoterma de adsorcdo € favoravel ou desfavoravel o

parametro de equilibrio R. pode ser calculado através da equacéao abaixo:

1
R, =
L7 1+ K0,

A tabela 1 indica a relacdo entre o valor de R_ e a possibilidade de

adsorcao.
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Tabela 1. Fator de Separacao e tipo de isoterma

Fator de Separacéo (R.) Tipo de Isoterma
R.>1 Desfavoréavel
R.=1 Linear
O<R.<1 Favoravel
R.=0 Irreversivel

A equacado de Langmuir, adaptada a complexacdo da lectina com o
carboidrato, pode-se derivar a partir do equilibrio entre os carboidratos

disponiveis (C*), lectinas ofertadas (L) e os complexos formados (CL):

C*+ L CL

A constante K de equilibrio é fornecida pela equacéo:

CL
[C*TIL]

Para os parametros bioquimicos, a isoterma de Langmuir € formalmente

equivalente a equacéao de Hill, descrita abaixo.
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oo oI
Kt (K) +

Onde:

®: fracdo dos sitios de ligacdo da proteina que estdo ocupados pelo
ligante;

[L]": concentracdo do ligante livre (ndo-ligado);

Kg: constant de dissociacdo aparente, derivada a partir da lei de agéo das
massas (constante de equilibrio para dissociacao);

Ka: concentracédo do ligante responsavel por ocupar metade dos sitios de
ligacdo da proteina;

n: coeficiente de Hill, o qual descreve cooperatividade (ou possivelmente
outra propriedade bioquimica, dependendo do contexto ao qual a equacéo de

Hill seja aplicada).

Em nosso laboratério o glicocodigo de tecidos tem sido investigado
mediante quimiluminescéncia. Para isto lectinas tém sido conjugadas ao EA. A
hidrolise do éster, covalentemente ligado a proteina, libera luz (fétons) capaz
de ser detectada (lumindmetro) e quantificada. Campos et al. (2006)
empregaram Con A, conjugada a EA como ferramenta histoquimica
guimioluminescente. Bidpsias de tecidos mamarios normais e com carcinoma
ductal invasivo (CDI) foram tratadas com o conjugado Con A-EA. A emissao de
fétons observada durante a quebra do EA, ligado a Con A, foi quantificada,
expressa em unidade relativa de luz (URL) e correlacionada a marcacdo do
tecido normal e transformado.

Os resultados mostraram uma relacao linear entre URL e a area de tecido

na faixa de 0.125 - 1.0cm? (Figura 24). Além disso,os valores de URL foram

48



Lima, LRA Revisao Bibliografica

maiores para o CDI (1.283.920x 10° + 220.621 x 10°) do que para o tecido

normal (2.565x 10° + 0.247x 10°), ou seja, cerca de 500 vezes maior.
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Figura 25. Relacdo entre quimioluminescéncia e area de tecido maméario diagnosticado como
carcinoma ductal invasivo. A emisséo de fotons, expressa em unidades relativa de luz (URL),
foi detectada a partir de amostras de tecidos diferentes tratados com concanavalina A
conjugada ao éster de acridina (Con A-EA).

Fonte: CAMPOS et al., 2006.

Recentemente, Brustein et al. (2012) repetiram esses resultados com a Con
A incluindo amostras de tecidos mamarios com fibroadenoma, tumor benigno
gue surge na unidade lobular do ducto terminal da mama (ABE et al., 2004).
Observa-se na Figura 25, que a relacdo URL versus area de tecido
diagnosticado com CDI descreve uma curva linear, enquanto que uma

hipérbole retangular é obtida para o tecido com fibroadenoma.
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Brustein at al. (2012) investigaram ainda os mesmos tecidos, porém,
empregando lectina obtida de sementes de amendoim (PNA), especifica para
galactose (Figura 26). Nesse caso hipérboles retagulares foram descritas para

ambos os tecidos.

7500- o Fibroadenoma

60004 = CDI

4500+

RLU x 10°

Figura 26. Relacdo entre URL e a areade tecido mamariodiagnosticado comofibroadenoma(o)
e CDI (m) empregando ConA-AE.

Fonte: BRUSTEIN et al., 2012
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Figura 27. Relagéo entre URL e a area de tecido mamario diagnosticado como fibroadenoma
(o) e CDI (m) empregando PNA-AE.

Fonte: BRUSTEIN et al., 2012.

URL emitidas pelo conjugado Con A-EA revelaram que a emissao de luz é
um fendmeno de reconhecimento dependente da area de tecido em estudo,
dependendo do numero de residuos de sacarideo nesta superficie. A razao
para o aumento proporcional em URL com a area de tecido, o que foi
observado para ambos os tecidos benignos e CDI, esta relacionada com a
guantidade de complexo lectina-carboidrato formado nos tecidos avaliados. A
curva para o fibroadenoma assemelha-se a isoterma de Langmuir, enquanto
gue para o CDI o aumento da URL foi linear em relacdo a area de tecido.

Estes resultados indicam que a area de tecido € um parametro importante
na taxa de reacao quimiluminescente nas condicfes presentes quando lectinas
sdo usadas como sondas histoquimicas. Deve-se enfatizar que Brustein et al
(2012) verificaram que a relacao proporcional entre a quantidade de hidratos de
carbono acessiveis no tecido e seu reconhecimento por lectinas, fenbmeno
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revelado pela quimiluminescéncia, foi abolida quando Con A-EA foi inibida pelo
seu acucar especifico (metil-a-D-manosideo).

O desvio da linearidade observada para o fibroadenoma seria um reflexo da
expressdo glucose/manose e/ou disposicdo do residuo carboidrato da
glicoproteina da superficie celular nesta doenca, desde que a area de tecido
estudada foi a mesma do CDI (0.125-1 cm?), bem como a concentracdo de

conjugado e parametros de reacdo semelhantes ao CDI.

2.6 Quimiluminescéncia

A primeira referéncia ao fenbmeno quimiluminescente remonta a 1877,
guando Radziszewski observou que a lofina emitia luz verde ao reagir com o
oxigénio na presenca de uma base forte. Entretanto, o0 termo
“‘quimiluminescéncia” s6 foi introduzido por Wiedemann, em 1888, que
classificou o fendmeno da luminescéncia em seis tipos diferentes de acordo

com a sua forma de excitacdo (GARCIA-CAMPANA; BAEYENS, 2000).

A quimiluminescéncia é definida como emissao de radiacéo eletromagnética
(ultravioleta, visivel ou infravermelho) produzida por uma reacdo quimica. O
fendbmeno pode ser observado quando um dos intermediarios ou produtos da
reacdo € produzido em estado eletronicamente excitado, que pode emitir
radiacdo ao regressar ao estado fundamental, ou transferir sua energia para
outra molécula que, posteriormente, emitird radiacdo (LARA; GARCIA-

CAMPANA; AARON, 2010).

Substancias quimiluminescentes podem ser detectadas na faixa de

fentomoles ou atomoles (10 a 10™® mol), com sensibilidade superior aos
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ensaios espectrofotométricos (10° a 10 mol) e fluorimétrico (10 a 10™*? mol)
(CAMPBELL et al.,1985). Véarios compostos organicos exibem QL em
condicOes apropriadas, dentre os quais se destacam o luminol, isoluminol, 1,2-
dioxetanos, éster de acridina ou seus derivados como alguns dos marcadores

utilizados em imunoensaios quimioluminescentes (RODA; GUARDIGLI, 2012).

A exploracdo da QL para fins analiticos comecou na década de 70, para
reacdes em fase gasosa e, na década seguinte, para reacdes em fase liquida.
Desde entdo, o numero de reacbes que produzem quimiluminescéncia
descritas na literatura tem aumentado com aplicagcbes analiticas na area
biomédica, quimica, ambiental, alimentar e toxicologica (GARCIA-CAMPANA,;

BAEYENS, 2000).

A aplicacdo da QL na quimica analitica depende da acoplagem da
substancia de interesse a um dos participantes da reacdo quimiluminescente
ou ao produto no estado excitado (Figura 27). A concentracdo da amostra
desconhecida sera proporcional a producdo de luz total emitida ou a um
parametro fisico associado a luminescéncia, tal como cor ou polarizacdo da luz

emitida (RODA et al., 2000).

A deteccdo quimiluminescente apresenta inUmeras vantagens, tais como,
possibilidade de quantificacdo, baixos limites de deteccdo (nha faixa de
fentomoles); simplificacdo do sistema Optico, uma vez que ndo necessita de
uma fonte de radiacdo externa; ensaios rapidos; substituicdo aos radioisotopos,
0S quais se tornaram poucos populares devido a sua curta meia vida, ao perigo
potencial a salde e aos problemas quanto aos dejetos gerados (GAMIZ-

GRACIA et al., 2009).
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Figura 28. Conjugacdo do EA a proteina e reacdo quimiluminescente do anel acridona

conjugado a biomolécula.

Fonte: NATRAJAN; WEN, 2015.

A QL pode ser utilizada, como método de deteccdo, em técnicas
separativas como cromatografia liquida de alta performance (GAMIZ-GRACIA
et al., 2009), eletroforese capilar (LARA; GARCIA-CAMPANA; AARON, 2010),
imunoensaios (FAN et al.,, 2009), biossensores (LUO et al., 2012) e
imageamento in vitro (RODA et al., 2011) e in vivo (RODA et al., 2009; WU et
al., 2009), agregando a elevada especificidade destas técnicas com os baixos

limites de deteccédo proporcionados pelos ensaios quimiluminescentes.

Varios sais de acridina podem ser estimulados a produzir luz em presenca
de solucdo alcalina de peréxido de hidrogénio (H,O,), na auséncia de
catalisador. Tais compostos incluem os derivados de acridina, moléculas que
possuem um nitrogénio quaternario central e uma ramificacdo no carbono 9
onde esta inserido um radical éster fenil instavel (NATRAJAN; SHARPE; WEN,
2012). A figura 28 ilustra 0 mecanismo proposto para reacao

quimiluminescente do EA. Em condi¢cdes alcalinas, o anion peréxido de
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hidrogénio (HOO-) ataca a molécula de acridina, e a mesma sofre um rearranjo
intermolecular formando o intermediario dioxetano (V). Este composto se
decompde rapidamente produzindo radical fenol ligado a proteina e N-
metilacridona (V), cujo féton liberado pode ser detectado a 470 nm (KING et al.,

2007).

Esteres de acridina substituiram rapidamente 0s compostos
guimiluminescentes luminol e isoluminol por apresentarem ensaios mais
rapidos e maior sensibilidade (KRICKA, 2003). Portanto, essas moléculas tém
sido amplamente utilizadas na deteccdo de DNA, RNA e enzimas, em
imunoensaios (RODA; GUARDIGLI, 2012), em analise de agua e alimentos
(KING et al., 2007; LIU; LIN; LIN, 2010), em imunohistoquimica (REGO et al.,
2013b; ARAUJO-FILHO et al., 2013) e na histoquimica com lectinas (CAMPOS,

et al., 2006; BRUSTEIN et al., 2012; LIMA et al., 2013; SILVA et al., 2014)
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Figura 29. Reacao quimiluminescente do EA.

Fonte: KING et al., 2007.
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Lima, LRA Objetivos

4.1 Geral

Avaliar, por quimiluminescéncia, a complexacdo de lectinas aos

carboidratos especificos e o glicofenétipo de lesdes tumorais cutaneas

empregando lectinas conjugadas a éster de acridina.

4.

OBJETIVOS

4.2 Especificos

Conjugar lectinas comerciais (Con A, UEA-I, PNA, WGA e MAA) ao

EA;

Purificar o conjugado lectina-EA através de cromatografia de peneira

de excluséo utilizando Sephadex G-25;
Marcar tecidos cutaneos humanos e epiderme normal;

Quantificar a marcacdo através dos fotons emitidos durante a
hidrolise do EA e estabelecer correlacdo com o perfil de carboidratos

dos tumores avaliados;

Sintetizar discos de polissacarideos de N-acetlglicosamina, glicose e
galactose (quitosana, phytagel e carragenina, respectivamente);
Verificar a formacdo de complexo das lectinas com os carboidratos
gue constituem o polissacarideo;

Estabelecer se a formacdo desses complexos obedece ao modelo

matematico de Langmuir.
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5. RESULTADOS

5.1 CAPITULO 1 - Glycophenotype Evaluation in Cutaneous Tumors Using

Lectins Labeled with Acridinium Ester

52 CAPITULO 2 - Lectin-carbohydrate complex evaluation by

chemiluminescence
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Background Tamor cells show alterations in their ghycosyhtion patterns when compared to normal cells. Lecting can be used to
evaluate these ghycocode changes. Chemilaminescence assay is an effective technique for quantitative analysis of proteins, nuceic
acids, and carbobydrates due to its high sensitivity, specificity, and rapid testing, Dbjective. To use histochemiluminescence bassd
on lectin conjugated to scridinium ester (AE) for the investigation of ghycophenotype changes in cotaneous tamers, Methods,
Concanavalin & (Con A), Peanot agghitinin (PHA), Uler surapass agglutininI (UEAT), and Mieckia amuresis agghutinin
{MAA) were conjugated to scridindum ester. Biopsies of cutaneous tamors and rormal skin wers incubated with the bectins-AE, and
chemiluminescence was quantified and expressed as Relative Light Units (RLU). Reslts. Actinic keratosis (AK), keratpacanthoma
{KA), squamnaous cell carcinama (30C), and basal cell carcinoma (BCC) showed lower expression of o-D-ghicoss/mannase and o-
L-fucnse residues compared bo normal tisswe. Cutaneous tumars displayed higher expresson of Gal-5(1.3).GalM Az residues than
normal tissue. &K and SCC exhibited higher expresgon of MewS Ac-2{2 3)Gal residues than normal epidermis. KA and BOC showed
exquivalent RLL valnes compared to normal tissue. Conclusions. Lectin histochemiluminescence allowed quantitative asessment of
the carbobydrate expression in cutaneouas tssaes, contributing to eliminate the subjectivity of conventional techniques wsed in the

histopathological diagnosis.

L. Introduction of the events that occur in development such as receplor

activation, cell adhesion, and cell motility, which permits

Nearly all types of malignant cells and many types of
diseased tissue cells demonsirate alterations in their ghyo-
sylation patterns when compared to their normal counter-
parts [1]. Alerations in ghycosyitransferases expression, sugar
nuclentide donors, and disruption of the Golgi contribute to
the development of diseases, such as hereditary disorders,
immune deficiencies, cardiovascular disease, and cancer |1
3]. In the tumor environment, underexpression, truncation
or altered branching patierns of certain ghycans, and'or
changes in glycosylation allow neoplasm cells to usurp many

tumear cells to invade and spread thronghout the organism
[4]. The investigation of lectin-carbohydrates interactions is
necessary for the understanding of both the glycophenatype
and the behavior of the tumor during its differentiation and
comfirms the hypothesis that bischemical changes in the cell
are evenits that may signal the cell differentiation [5].
Lectins have been wsed to evaluate the glycophenobype
in skin tissues [6-9]. Lectin histochemistry based on col-
orimetric detection has been used & a supporting tool for
ditferential diagnosis for skin lesions, bt this technique only
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permits qualitative or semiquantitalive analyses of carbo-
hydrates expression. Thus, quantitative analyses require a
sensitive detection that permits an objective and quantitative
evaluation of the bound lectin.

Chemiluminescence (CL) analyses represent a powerful
tood in life sciences, offering high detectability and specificity
[10, 11] and allowing low limits of detection (attomole-zepto-
mide) and versatility [12]. It is a promising and effective tech-
nmigue for quantitative analysis of proteins, oucleic acids, and
carbohydrates [13-15]. Therefore, this approach combined
with lectin histochemistry could be valusble to reduce the
subjective evaluation.

Acridinium ester {AE) compounds quickly outperformed
luminol and isoluminol in chemiluminescence for their kow
detection limits (attomlar range) and specificity [16]. Expo-
sure of AE kabel to an alkaline hydrogen peroxide solution
triggers a flash of light. AE forms an unstable dioxetane yield-
ing N-methylacridone and produces light at a wavelength of
470 nm [17].

The skin tumors comprise mainly basal cell carcinoma
(BCC), squamouws cell carcinoma (SCC), keratoacanthoma
{EA). and actinic keratosis { AK). Nonmelanoma skin cancers
are the most common form of cancer and their incidence has
been increasing considerably. These tumors are rarely fatal
bart are considered to be fast growing and if neglected may be
Iocally and functionalby destructive [18]. The diagnosis of skin
neoplasias becomes inacowrale, in some cases, due to a variety
of factors that affect the test acouracy, such & a huge specirum
of tumors and their variants and the lower differentiation [&].

Here lectins conjugated to AE were used to evaluate
the glycophenotype in tissues from cutaneous tumors based
on the chemiluminescence approach. The biological reke-
vant carbolydrate residues a-D-glucose/ mannose, Gal-f(l-
3)-GalNAc, a-L-fuose, and News Ac-m(2.3) were evaluated,
respectively, by using the lectins Concanavalin A (Con A),
Peanut agghutinin (PMA), Ulex esropaeus agglutinin-] (UEA-
1, and Manckia amurensis agghutinin (MAA).

2, Material and Methods

2L Reagents. N-hydroxysuccinimide-activated  dimethyl
acridinium ester ((DMAE-NHS)1966-1-53-20rganic Lab)
was kindly supplied by Dr. H. H. Weetall Con A, PNA,
UEA-I. MAA, N N-dimethyliormamide, trypsin from por-
cine pancreas, methyl-a-D-mannoside, D-galactose, o-L-fu-
oose, n-acetylneuraminic acid, and Sephadex G-15 were pur-
chased from Sigma-Aldrich (58 Louis, MO, USA). Chem-
iluminescent detection was performed wsing Siemens Rea-
gent TSH 500T (Siemens Medical Sofutions Diagnostics,
Matvern, PA, USA) composed of 0.5% Hy04 in 015 HNGy
and 025 M NaOH. Xylene and ethanol were obtained from
Merck (Darmstadt, Germany). All other chemical reagents
wsied were of analytical grade.

22 Samples. Skin fragments were obtained through par-
affin-embedded biopsies from the Tissue Bank of the Clinic
Hospital at the Federal University of the State of Pernambuio
(UFPE), Mortheastern Region of Brazil, and diagnosed as
basal cell carcinoma (BCC = 17), squamous cell carcinoma
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(SCC =13), keratoacanthoma (KA = 13), and actinic keraosis
{AK = 9). The diagnoss of skin necplasms was performed by
[ir. Mariana Silva. The normal human epidermis fragments
(ME = 14} were chtained from individuals submitted bo pladtic
surgery and supplied from Hospital Santa Clara, Recife, PE,
Brazil. The diagnosis of the cutaneous tumors was hased
on histopathology, This study was approved by the Health
Scence Centre Bioethical Board from the Federal University
of Pernambuco, Brazil (CEPICCS/UFPE no. 195/09).

23 Lecting Comjugafion with AE Lectins (ImL contain-
ing 2myg of protein) were incubated with 10uL of acri-
dinium ester solution (0.2 my diluted in 400 uL of NN-
dimethylformamide) for 1h at 25°C under rotary stirring. The
conjugate (lectin-AE) was applied to a column of Sephadex
G-25 (10 = [ cm), previously equilibrated with 10 mM phos-
phate buffer, containing 015M NaCl (PES), pH 72, and
eluted with this butfer. Aliquots {1mL) were collected and
their protein confent was spectrophotometrically determined
at 280nm. The aliquots corresponding fo the protein peak
had their chemiluminescence assaved After conjugation,
Con A-AE, PNA-AE, and MAA-AE were evaluated regarding
the maintenance of their carbohydrate recogmition prop-
erty (hemagglutinating activity) using ghutarakdetyde treated
rabbit erythrocytes and human erythrocyies for UEA-AE
according o Beltrdo et al. [19]. Protein concentration was
measured aocording o Lowry et al. [20].

24, Chemiluminescent Lectin-Histochemisiry, Paraffin sec-
tions (8 pm) of samples were cut, transferred to glas slides,
deparaffinized in xylene, and rehydrated in graded alcohols
(3 = 100% and 1 = 70%—10dips each). Slices were treated
with 0.1% (w/v) trypsin solution at 37°C for 2 min and washed
(twice, 5 minutes each time) with 10 mM phosphate butfer
salime containing 0156 NaCl (PRS). Afierwards, tissue shices
were incubated with lectins-AE (100 uL-100 ugmL~") for 2
at 4°C followed by washings (3 = Smin) with 100 mL of
PES. The area corresponding to the tissue section (square-
shaped) was defined as 0.25cm’. Then, the tissues were cut
and transferred to polypropylene test tubes containing 50 L.
of PBS. Finally, solutions of 0.5% H,0, in 01 N HNO, (50 uL)
and 0.25 M MaOH (50 ul) were added for chemiluminescent
measurement using 4 Juminometer Modnles Single Tube
Q240 (Turner BioSystems, USA). The emission intensity
was determined as relative light units (RLLT) with a counting
time of 5 seconds per sample. Triplicate megsurements were
carried out throughout this study, Lectin binding inhibition
assays were accomplished by incubating each lectin solution
with 3K} mM methyl-c-D-mannoside (Con &), D-galactose
(PNA), a-L-fucose (UEA-D), and n-acetylneuraminic acid
(MAA) for &5min at 25°C prior to their incubation with
tissues. The following steps were as described previously for
the binding protocol.

25 Stetistical Annlysis. The software OriginPro & (OriginLab
Corporation, One Roundhouse Plaza, Morthampion, MA,
[[5A) was used for the statistical analysis, and data were
expressed as mean £ standard deviation (s.d.). Obtained data
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were compared msing ANOYA and parametric siatistical test
of Tukey (P < L0 through SigmaPlot (CA, USA].

3. Results

Lecties conjugted to acridiniam ester (Con A-AE, PHA-AE,
UEA-AE, and MAA-AE) were collected by Sephadex G-15
chro v and their profiles were idenbical to thos:
previoushy reparied [15]. The ssperposition of the protein and
chemilminescence peaks indicated that all studied lectins
were libeled with the AF. The lectin derivatives were also
capable of recognizing their specific carbohydrates according
to the hemagghutinating activity.

These lactin darivatives were nsed o investigate the
ghycophenatype of cutaneous tumor tisswes and the results
are displzyed im Figure |, Lower expresgon of a-Deglu-
cose'manmnse was presesied for all tumars with
the normal Gssue. A¥, KA, 3CC, and BCC showed vahaes of
RLU equal io 3684 + 25636 R, 180.70M + 29,009 RLU,
HA38 & 3BIBRLL, and 134,007 + 3053 RLU, respec-
tively, wheneas the normal tesne was 27143 + &35 ELL
The a-1-fucose expression patiern was ako lower for cuta-
meouss tumars (LU walses of 1L831 + 1935 RLLL; 28773 &
&, 468 BLLU; 14,585 & 3,454 RLU, and 13,880 & 2506 BLU for
AE, EA 5CC, and BCC, resp) compared with the normal
epidermis (33,733 £ 51Z1RLU). On the other hand, they
presented higher expression of Gal-#{1-3)-CGalNAc comparsd
with the mormal skin tissues. AF, K&, SCC, and BOC pre-
sented RLU vahues of 3,766 & 2 525 RLU, 32,567 + 6,127 RLL,
LI & SIRLY; and 15007 & 4818 RLU, respectively,
whereas a valoe of 7,587 + 1,799 BLU was found for the normal
tissue. Actinic keratnsis and SCC exhibited higher expres-
sian of MeuSAc-a2. 3}zl than normal epidermis {35,687 +
B2 RLL, 65,370 4 I6ENRLL, and 44,864 + 1LS44 RLD,
resp ). However, KA (26,917 + 6,942 RLU) and BCC (19536
+ S 1T RLL) showed equal BLU values compared with the
mormal tisswe. The standard deviation of all measurements
varied from 1006% to 35.9% of the mean value.

Far all lectins, the mean among RLL values of cutamenus
tumars and mormal epidermis was significantly different, as
observed using parameiric statistical test of Tukey. However,
statistically significand variatioes were not ohserved among
BRI values of cotaneous tumars labeled with Cond-AE, AK
and KA labeled with PHA-AE, AK and 5CC labeled with
UEA-AE, and BCC and KA labeled with MAA-AE. Lactins-
AL inhiition binding assay using specifics carbohydrates
(300 mM) resulted in a decrease in RLU values (from 5%
to 93%) indicating that umspedific binding betwesn the
conjugates and coll surface molscules did not acoor.

4. Discussion

In our horatory, the acridinium ester was used 25 a marker
to Trypancsoma ouzl and Schistosoma msesoni anbigens
in cheminminescent immumoassay. By this method, small
amoumts (nanogram scle) of croolating antibodies were
deterted in the patients” senam [H]. The ghyoooode of nor-
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B Kcmicacsitoms
Ficues k Co between the chemileminescence of normal
epidermis (NE, vt = 14}, actinic keratosts (AR, m = @, kera-
fcaznthoma (A, m = 13], squamous coll crdnoma (300, & =
131, and basl cell @rcnoma (RO, m = 17) kbelod with Con A-
AE, PMA-AE, UEA-AE and MAA-AE («) Satsticaly significant
variatiors were obecrved among KLU walues of otaneoes: emons

and normal epiderms. (v ] Safkticily signfient vartons were
ohserved among KLU vines of cubnems imors

imvestigated wsing lectins labeled with AE [15, 22]. A=ti-HER-
1 AE allowed a reduction in the subjectivity in prognostic and
predictive imformation intrinsic i Her-2 stains evahmtion in
breast tumors [23]

Cell surface ghycans are highly related to cell-cell commu-
micatiom, host-pathogen interaction, and cell matrix interac-
tioes [24]. Tumor invasion is dependent on a loss of inler-
celular adhesion and transmigration of cells throwgh the
basement membrame (BM) s well a5 the surroumding
exiraceliular matrix (ECM) [25]. Mistastass is a mubistep
phenomenon, which invohves the ing aif the humor cells:
from the primary tumar, the degradation of the exiracelinlar
matrix, and the imvasion of blood vessels at the site of the
primary tumar [&]. Thess sieps require adhesive interac-
tioes, which are mediated by cell nurface ghycass and their
interactions with endogenows arbobpdrate binding proteins
{lectins]). Aberrant ghyensylation i a key feature of malig-
naed iransfoemation aed the gheams imvolved influemce the
adhesive inte ractioes of cmcer cells often providing fvomble
conditioes for tumor dissemization [26] The molsoolar
tiom are influenced by the pressoce of altered gy on
the cell surface, phematypic change commoaly oheerved in
maignancy [17].

Alterations im the expression of ghycophenotype bebwesn
repested through lectin astochemastey and computer image
analysis [B]. It is wortinehile io register that they did not com-
and sebarrheic keratosis that were not sindied in this work
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These authors reported higher expression of a-[3-glucose!
mannose {except in SCC) and D-galactose residues in outa-
nieous tumors. The chemilominescent a- D-glocose/ mannose
detection (Con A-AE) corraborated these findings but they
were statistically lower than those found for the normal
epidermis. They also found high D-galactose residues (FNA)
aswell asour results except that lower LU was detected com-
pared to the normal epidermis. Another contradiction was
found as far as fucose is concerned. Here fucose was chemi-
luminescently detected in the tumors that were statistically
lower than that estimated for normal epidermis. Therefore,
these lectins can be used as markers for distinction among
skin lesions; however, the chemiluminescent approach may
b more sensitive than that based on computer image analysis
of lectin histochemistry.

Smetana et al |28] reporied that laminins, a princi-
pal component of BM, exhibit unique saccharidic epitopes
{mannose-rich olignsaccharides). Therefore, aberrant a-0-
glucose/mannose expression in this protein may modify the
adhesive interactions between transformed cells, contrbut-
ing for the detachment of cancer cells from the primary
tumor mass and the acquisition of a more motile and invasive
phenotype.

Several common siructural changes ocour in tumor gly-
cans and can affect interactions between tumor cell-surface
ghycans and endogenous lectins, which may determine the
metastatic potential of the tumor cell, including increases in
the bevel of truncation and branching of structures as well
as an increased expression of unuseal terminal sequences
[29]. These changes often result in an increased exposure
of terminal galactose residues such a those found in the
cancer-associated T antigen (Gal f1-3 GalNAC) and the
Lewis X trisaccharide (Galfl 4(Fucal-JiGEcNAC [30]. The
higher expression of galactose residues ohserved by high RLU
could be related to the potential role of galactose ligands in
tumor cell metastasis by the comelation between increased
expression of galectin, a family of galactose binding proteins,
and the ability of many tumor cell types to metastasize [3].

Fucosylation is one of the most common modifications
imvolving oligrsaccharides on ghrooproteins or gheoolipids,
[t regulates the biological functions of adhesion mobecules
and growth factor receptors [32]. In this study, fucosylation
pattern changes were observed by the decrease of chemilumi-
nescence signal using UEA-I conjugated to AE for the label-
ing of cutanecws tumors. AK showed fucosylation pattern
similar to malignant lesions and different when compared
to benign lesion (KA. This suggests a biochemical similarty
with malignant neoplasms and supports the sudies claiming
that AK and CEC are the same lesion in different degrees of
development.

It is known that both integrins and E-cadherin are asso-
ciated with cancer cells characteristics through regulation of
the cell-extracellular matrix interaction and homotypic cell-
cell adhesion, respectively [33]. Zhao et al. [34] showed that
core fiscosylation is essential for the function of 2351 integrin,
a protein that connects many biclogical functions such as
development, control of cell proliferation, and protection
against apopiosis and malignant transformation. Osami et
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al. [35] suggested a possible core fucosylation mole in cell-
cell adhesion regulation in cancer. Therefore, based on the
information above, it can be conchuded that fucose would be
involved in the biological behavior of cancer cells through
functions regulation of many membrane assocated proteins.,

Sialic acids (Sias) are typically the outermost monosac-
charide umits on the glycan chains of ghyeolipids and glyco-
proteins and wswally oocur as a terminal component at the
nonreducing end of their carbobhydrate chains [34]. Due to its
terminal Incalization on glycans and the vanety of linkages
to the underying sugar chain, sialic acid has been uiilized
by a wide variety of 51a-binding proteins, mainly viral and
bacterial pathogens proteins, selectins, and siglecs [37].

The increase in the expression of NewSAc-c(23Gal
between benign and malignant kesions of skin, AK, and 5CC,
respectively, was observed by the increase of BLU values. The
ditferences in the siahylation degree of glycoconjugates on &
tumor cell surface of SCC may play an important role in the
process of cell malignization and metastasis [38]. Yuaral et
al. [39] reported the increase of total salic acd (T5A) levels
between patients with AK and controls, probably related to
increased turnover of cells [40]. Pleak et al. [13] observed
that differentiated squamous cell carcinoma expresses 2.3
linked-MewAc residues (recognized by lectin MAA) and the
poarly differentiated squamons cell carcinoma 2,6-linked-
KewAc (recognized by Sambucus migrn aggiutinin).

Sialyl-ghycoconjugates may regulate the interaction of
canicer cells with other cells and with the cell matrix. These
mokecules may be responsible for adhesion as well as antiad-
hesiom and for extending the survival time of cancer cells in
the blood stream. Moreover, sialic acid may akso be imvaolved
in growth regulation [41].

From the results presemted in this work one can
assume that the chemiluminescent lectin-histochemistry
approach allows the ghycophenotype direct quantitative eval-
uation of skin tumors combining the specificity lectin-
carbohydrates interaction and sensitivity of chemilumines-
cent assay. Despite that the number of analyzed samples (n
values) does not permit a definitive assumpion as far as diag-
nosks is concerned the statistical anabyses showed ghyoophe-
notype alterations according to the cutaneows umors. Fur-
thermare, although paratfin-embedded skin fragments were
obtained from different individuals and sections were cut
from them, acceptable mean dispersion values (standard vari-
ation range of 1066%-25.9%) were observed. Higher expres-
sion of f-Gal (1-3-GalNAc and NewSAc-a(2,3)Gal as well
& bower expression of o-D-ghicose/mannose and a-L-
fucose residues was evidenced by differences in RLU values.
These results confirm the imporiance of lectins as potential
biomarkers for detection of changes in glycophenotype of
skin neoplasms. Furthermore, this procedure is an effective
fool to eliminate subjective analyses of mictoscopic prepara-
tions.
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Abstract
Here, the lectin-carbohydrate interaction was chemiluminescently investigated
using lectins conjugated to acridinium ester (AE) and polysaccharides
composed of their respective specific carbohydrates. Concavalin A (Con A),
wheat germ agglutinin (WGA) and peanut agglutinin (PNA) were labeled to AE.
There was a linear relationship between chemiluminescence and lectin-AE
concentration from which RLU was converted to ug of lectin. Con-AE, WGA-AE
and PNA-AE were respectively incubated with discs (0,0314 — 0,6358 cm?) of
phytagel (containing glucose), chitosan (containing deacetylated and acetylated
D-glucosamine) and carrageenan (containing galactose), their
chemiluminescences established and expressed as Relative Light Unit (RLU).
Lectin-AE-polysaccharide chemiluminescence was reduced by either their
specific sugar or by previous incubation with non-labeled lectins. The complex
formation chemiluminescently detected followed the Langmuir isotherm from
which constants were estimated. The association constant (K;) and maximum
binding sites on the membranes were 2.4 x 10" M* +0.8 x 107" M*and 1.3 x 10’
®mol . mg™* + 0.3 x 10° mol . mg™* (Con A); 0.9 x 10°® M*+ 0.4 x 10° M and
0.021 x 10° mol . mg™* + 0.003 x 10 mol . mg™* (WGA) and 2.0 x 10° M1+ 0.9

x 10°® M*and 0.069 x 10° mol . mg™ + 0.010 x 10 mol . mg™* (PNA).

Keywords: carbohydrates; chemiluminescence; lectins; lectin-carbohydrate

complex; polysaccharide.
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1. Introduction

The interaction between glycans and lectins is important issue in several
biological phenomena such as: cell-cell recognition, cell-extracellular matrix
interactions, gamete fertilization, embryonic development, cell growth, cell
differentiation, cell signaling, cell adhesion and migration, apoptosis,
immunomodulation and inflammation, host-pathogen interactions, glycoprotein

folding and routing, mitogenic induction and homeostasis [1].

The evaluation of lectin-carbohydrate interaction strength can be established
by the parameters: affinity (K,), dissociation (Ky) and equilibrium constants
(Ka/Kg).  They provide information on the binding energy and qualitative

measure of binding affinity, useful for comparisons [2 — 4].

Numerous analytical and bioanalytical techniques have been used for
studying molecular interactions between proteins and carbohydrates, such as
dual polarization interferometry [5], enzyme-linked lectin assay (ELLA) [6],
impedance spectroscopy [7], quartz crystal microbalance (QCM) [8], microarray
techniques [9], surface plasmon resonance (SPR) [3], X-ray and nuclear
magnetic resonance (NMR) spectroscopy [10].

Here, an additional procedure is proposed: chemiluminescence (CL). This
method represents powerful analytical tool providing high detectability [11, 12],
allowing low limits of detection (attomole-zeptomole) and rapid assays [13]. This
technique has been used in quantitative analysis of proteins [14], nucleic acids
[15] and cell surface glycans [16]. The CL application in analytical chemistry
relies on coupling of substance of interest to one of the participants of
chemiluminescent reaction or product in the excited state. The sample
concentration will be proportional to total light production emitted [17].
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In our laboratory tissue glycophenotype has been investigated using lectins
labeled to acridinium ester (N-hydroxysuccinimide-activated dimethyl acridinium
ester: DMAE-NHS/1966-1-53-2/Organic Lab), from now on abbreviated as AE,
followed by chemiluminescent assay [18 — 22].

In order to investigate further the chemiluminescent analysis of the lectin-
carbohydrate complex formation a model is here proposed based on lectins
conjugated to AE interacting to polysaccharides composed of their specific
carbohydrates. The theoretical approach of this investigation was based on the

Langmuir adsorption model.

2. Experimental

2.1 Reagents

N-hydroxysuccimide-activated dimethyl acridinium ester (DMAE-NHS)/1966-
1-53-2/Organic Lab. Concanavalin A (Con A), Peanut agglutinin (PNA), Wheat
germ agglutinin (WGA), N,N-dimethylformamide, methyl-a-D-mannoside, D-
galactose, N-acetyl-D-glucosamine, phytagel, carrageenan, chitosan and
Sephadex G-25 were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Chemiluminescent detection was performed using Siemens Reagent TSH 500T
(Siemens Medical Solutions Diagnostics; Malvern; PA; USA) composed of 0.5%
H,0, in 0.1 N HNO3; and 0.25 M NaOH. All other chemical reagents used were

of analytical grade.

2.2 Lectins conjugation to AE
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Con A, PNA and WGA (1 mL containing 2 mg of protein) were, separately,
incubated with 10 pL of acridinium ester solution (0.2 mg diluted in 400 uL of
N,N-dimethylformamide) for 1 h at 25 °C under rotary stirring. The conjugate
(Con A-AE, PNA-AE and WGA-AE) was applied to a column of Sephadex G-25
(10 x 1 cm), previously equilibrated with 10 mM phosphate buffer, containing
0.15 M NaCl (PBS), pH 7.2, and eluted with this buffer. Aliquots (1 mL) were
collected and their protein content, chemiluminescence and hemagglutinating
activity were established, respectively, by spectrophotometry (280 nm),
according to the item 2.4. and to [23]. The aliquots corresponding to the protein
content, chemiluminescence and hemagglutinating activity peak were pooled

and used throughout this work.

2.3 Preparations chitosan, phytagel and carrageenan discs

Purified chitosan was dissolved in acetic acid 3% (v/v) and the solution (20
mg mL™) was distributed on wells measuring either 128 mm x 85 mm x 22 mm
or 128 mm x 85 mm x 17 mm (lid of tissue culture plate). The plates remained
overnight at 37°C. The chitosan discs then were neutralized with 0.3 M
ethanolic solution in 1 M NaOH. Thereafter, the discs were washed with distilled
water and dried at 37°C. Aqueous gels of phytagel (5 mg mL?) and
carrageenan (10 mg mL™) were prepared in distilled water by stirring on a
magnetic stirrer. However, carrageenan gel was heated for 30 min at 70°C
during the process. The gels were distributed on cover of tissue culture plate
(24 and 96 wells) and remained overnight at 37°C. The three membranes were
cut using homemade molds yielding circle-shape discs with areas from 0.0314

to 0.6358 cm?.
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2.4 Lectin-carbohydrate interaction chemiluminescent evaluation.

Polysaccharides discs were incubated with Con A-AE, WGA-AE and PNA-
AE (100 pL 100 pg mL™) for 2h at 4 °C followed by washings with 10 mM
phosphate buffer, pH 7.2, containing 145 mM NacCl, from now on abbreviated as
PBS. Afterwards, the discs were transferred to polypropylene test tubes
containing 50 uL of PBS. Finally, solutions of 0.5% H,0O, in 0.1 N HNOg3 (50 ul)
and 0.25 M NaOH (50 ul) were added for chemiluminescent measurement
using a luminometer Modulus Single Tube 9200-001 (Turner BioSystems,
USA). The emission intensity was expressed as relative light unit (RLU) with a
counting time of 5 s per sample. Triplicate measurements were carried out

throughout this study.

2.5Inhibition assays

Lectin binding inhibition assays were accomplished by incubating each
lectin-AE solution with 300 mM methyl-a-D-mannoside (Con A-AE), N-acetyl-D-
glucosamine (WGA-AE) and D-galactose (PNA-AE) for 45 min at 25°C prior to
their incubation with the polysaccharide discs (monosaccharide inhibition). The
following steps were as previously described for the binding protocol (item 2.4).
Lectin binding inhibition assays were also performed by non-labeled lectin
inhibition. The polysaccharide discs were previously incubated with the non-
labeled lectins (100 pL 100 pg mL™?) washed with PBS and afterwards
incubated with the lectins-AE. Then their chemiluminescences were detected as

described in the item 2.4.
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2.6 Mathematical and statistical analysis
The software OriginPro 8 (OriginLab Corporation, One Roundhouse Plaza,
Northampton, MA 01060 USA) was used for the mathematical and statistical

analysis and data were expressed as mean + standard deviation (s.d.).

3. Results

Phytagel is a polymer composed of glucuronic acid, rhamnose and glucose;
chitosan is a linear polysaccharide composed of randomly distributed (-(1-4)-
linked D-glucosamine (deacetylated unit) and N-acetyl-D-glucosamine
(acetylated unit) whereas carrageenans are high-molecular-weight
polysaccharides made wup of repeating galactose wunits and 3,6
anhydrogalactose (3,6-AG), both sulfated and nonsulfated. Therefore,
membranes prepared with Phytagel, chitosan and carrageenan contain,
respectively, glucose, N-acetyl-D-glucosamine and galactose that are
specifically recognized by Con A, WGA and PNA.

Figure 1 shows the linearity between the RLU versus lectin-AE amount from
which RLU was converted to ug of lectin: Con A-AE = (RLU — 18,192)/10,884;

WGA-AE = (RLU + 20,768)/833 and PNA-AE = (RLU — 20,246)/5,676.
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Figure 1. Relation between the RLU and Con A-AE (a), WGA-AE (b) and PNA-
AE (c) amount. The linear correlation allowed converting RLU to moles of

lectins.

Figure 2. Membranes synthesized with phytagel (A), chitosan (B) and

carrageenans (C) and their discs (below) produced by using homemade molds

(right).

Figure 2 displays the membranes of phytagel (A), chitosan (B) and

carrageenan (C) as well as the circle-shape discs (below the membranes)

produced by cutting the membranes using the homemade molds (left).
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To assure the specificity of photon emitted from the lectins-
AE/polysaccharide complexes two set of experiments were carried out: 1)
previously incubating the lectin-AE with its respective carbohydrates
(monosaccharide inhibition) and 2) the membranes were previously treated with
non-labeled lectins before incubation with the lectins-AE conjugates (non-
labeled lectin inhibition). Figure 3 shows the results for the three used lectins-
AE inhibited by their monosaccharide sugars and their non-labeled
preparations. The results showed much lower RLU after both inhibition

experiments compared to the lectins-AE/polysaccharide complexes.
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Figure 3. Lectin binding inhibition assay on membranes. Con A-AE (A), WGA-
AE (B) and PNA-AE (C) were either previously inhibited with methyl-a-D-
mannopyranoside, N-acetyl-D-glucosamine and D-galactose, respectively, or

inhibited with non-labeled lectins.

Figure 4 displays the relationship between lectins-AE complexed to the
polysaccharide disc versus sugars presents in the polysaccharide disc.
Membrane areas (ranging from 0.0314 cm?to 0.6358 cm?) in the x-axis of this

Figure were replaced by the sugar amounts estimated by their compositions.
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The curves statistically calculated were hyperbolic for all three lectins. From
these results and using the Langmuir isotherm one can estimate the constants
Ka and the maximum value of lectin bound to the polysaccharide membrane
and the constant related to the energy of adsorption. Table 1 summarizes the
constant values estimated from the results of Figure 4 and using the Langmuir
isotherm. From this Table one can estimated the affinity constants and how
many sugar molecules were available for lectin-AE binding in each

polysaccharide membrane.

Table 1. Constant values a calculated from hyperbolic curves using equation 1.

. . Qm Ku
Lectin Polysaccharide M Moles/mg carbohydrate
Con A Phytagel 24.6421 + 8.254 X 10°° 1.352 + 0.349 x 10°3
WGA Chitosan 0.91394 + 0.4427 x 10°® 0.021 + 0.003 x 107
PNA Carrageenan 2.056 + 0.92 x 10°° 0.069 + 0.010 x 107
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Figure 4. Relationship between RLU versus offered Con A-AE (A), WGA-AE (B)
and PNA-AE (C). Membrane areas ranged from 0.0314 — 0.6358 cm?® and the

sugar contents were converted to pg from the polysaccharide composition.

Table 2 resumes the Con A K, constant reported in the literature for Methyl-
a-D-mannopiranoside, mannose and mannan based on different methods.
These values varied according to the method ranging from 10 M™* to 10° M*
but higher than the one estimated by chemiluminescence and for phytagel (2.46

x107+0.82x 10" M™Y.
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Table 2. Constant values of association (K;) and dissociation (Ky) found to

lectins using different analytical methods.

Carbohydrate Constants Method Reference
methyl-a-D-_ K, = 0.79 £0.04 x 10™M Surface Plasmon 28]
mannopiranoside Resonance
methyl-a-D-_ K.=082x 10 M* _ Tltratlc_)n [29]
mannopiranoside Microcalorimetry
Mannose K¢ =12,88 nM Colorimetric [30]
d= 2o Assay
Mannose Ka=4.3+0.7 x 10°M" Luminescent 31]
Assay
Mannose Ka = 0.59+0.01x10° M Quartz crystal [32]
am e Microbalance
Quartz crystal
Mannan apparent bind constant = 0,4 uM Microbalance [33]

cristal de quartzo

4. Discussion

Tissue glycophenotype investigated in our laboratory using lectins labeled to

AE followed by chemiluminescent assay showed relationship between RLU and

tissue area [18 — 22]. Linear and/or hyperbolic relationships were observed. The

explanation for the proportional can be attributed to the amount of lectin-

carbohydrate complex formed in the evaluated tissues. These results indicated

that the area of tissue is an important parameter in the chemiluminescent

reaction rate when lectins are used as histochemical probes. Therefore,

additional information can be deduced from these relationships established

chemiluminescently.
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The interaction between lectin and tissue glycans resembles the one with a
polymer contains its specific carbohydrate. In this contribution the mathematical
approach to investigate the lectin-carbohydrate interaction was inspired on
Langmuir adsorption model. In 1918, He proposed a theory to explain the
molecules adsorption by assuming the adsorbate behaves as an ideal gas at
isothermal conditions on a uniform surface, simple, infinite and non-porous; and
forming a monolayer covering the entire surface [24]. Here, one can assume
that the lectin absorption on either a polymer composed of its specific substrate
or a tissue containing this carbohydrate resembles the conditions idealized by
Langmuir.

The Langmuir isotherm is formally equivalent to the Hill equation in

biochemistry. Let us use the symbols of this latter equation — Equation 1:

n n
oo -1
Ke I (K) *qLl
Where:
®: Fraction of the ligand-binding sites on the receptor protein that are
occupied by the ligand;
[L]": Free (unbound) ligand concentration;
Kg: Apparent dissociation constant derived from the law of mass action
(equilibrium constant for dissociation);
Ka: Ligand concentration producing half occupation (ligand concentration
occupying half of the binding sites).
n: Hill coefficient, describing cooperativity (or possibly other biochemical

properties, depending on the context in which the Hill equation is being used)
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The lectins Con A-AE, WGA-AE and PNA-AE were incubated with the
polysaccharides of glucose (phytagel), N-acetyl-D-glucosamine (chitosan) and
galactose (carrageenan), respectively. Therefore, applying Equation 1 symbols
will be ®: Fraction of the sites on the polysaccharide that are occupied by the
lectin; [L]": Free (unbound) lectin concentration; Kg4: equilibrium constant for
dissociation and Ka: lectin concentration producing half occupation (lectin
concentration occupying half of the polysaccharide sites). Lectins (unbound
and bound) would be easily calculated by chemiluminescence.

Exposure of AE labeling the lectin to an alkaline hydrogen peroxide solution
triggers a flash of light. AE forms an unstable dioxetane yielding N-
methylacridone and produces light at a wavelength of 470 nm [25]. Similarly,
this model could be applied to the interaction between the lectins and tissues.
However, the microenvironment would be different in these situations as well as
the soluble sugar and the parameters estimated from this model must be
cautiously interpreted.

In our lab, Con A-AE was incubated to biopsies of normal and infiltrating
duct carcinoma (IDC) of mammary tissues. The photon emission from the lectin-
acridinium ester-tissue detected and expressed in RLU. The RLU values
described a linear relationship with the labeled tissue area in the range 0.125 -
1.0 cm? (r=0.98) [18]. This relationship RLU emission versus tissue area was
confirmed for IDC afterwards [20]. However, hyperbolic curves were described
for fibroadenoma using Con A-AE and for both fibroadenoma and IDC tissues
using PNA-AE.

It is worthwhile to register that similar performance was observed when

antibodies conjugated to AE replaced the lectins. The Her-2 (Human Epidermal
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Growth Factor Receptor 2) status in breast cancer was chemiluminescently
evaluated by using anti-Her-2 antibody conjugated to AE [21]. The RLU from
anti-Her-2-acridinium ester showed a tissue-area-relationship. The proportional
increase in RLU with tissue area, observed in all groups analyzed, is related to
increase in the amount of antigen-antibody complex formation in tissue areas
evaluated.

Monoclonal antibody anti-Galectin 3 was also conjugated to AE and the
complex formed with Galectin 3 in the prostate tissue was chemiluminescently
detected [19]. A linear relationship was also observed between RLU and tissue
area.

To apply the present model to investigate the interaction between lectins
and tissues must be cautiously interpreted because the microenvironments are
completely different regarding tissues and polysaccharides membranes.

From the above results one can assume that there is a linear correlation
between the lectin amount and its chemiluminescences after being covalently
linked to acridinium ester; the lectin bind specifically to the polysaccharide
membrane containing its specific carbohydrate; this binding phenomenon
followed the Langmuir isotherm from which the maximum sugar present on the
membrane available to the lectin binding and the affinity binding can be

estimated.
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6. CONCLUSAO

O desenvolvimento do meétodo histoquimiluminescente, a partir da
conjugacao de lectinas ao éster de acridina, permitiu a avaliacdo quantitativa
direta da expressao de carboidratos em neoplasias de pele, combinando a
especificidade da interacdo lectina-carboidrato e a sensibilidade dos ensaios
guimiluminescentes. AK, KA , CBC e CEC apresentaram menor expressao de a
-D- glucose/manose e residuos de a-L-fucose, em comparacdo com o tecido
normal. Os tumores cutaneos apresentaram maior expressao residuos de [3-
Gal-(1-3)-GalNAc que o tecido normal . AK e SCC exibiram maior expresséo de
residuos Neub5Ac-a(2,3)Gal que a epiderme normal. KA e BCC apresentaram
valores de URL equivalentes, em comparacao com o tecido normal. A partir
dos resultados descritos acima podemos concluir que existiu uma correlacao
linear entre a quantidade de lectina e a quimiluminescéncia apos a sua ligacao
covalente ao eéster de acridina. Todas as lectinas reconheceram
especificamente os carboidratos contidos nos discos de polissacarideos, e a
sua ligacao seguiu o fendbmeno da Isoterma de Langmuir, a partir do qual a
guantidade maxima de acUcar presente na membrana estava disponivel para
interagir com a lectina. Mais estudos sao necessarios para calcular as
constantes de associacao e dissociacdo através do método quimiluminescente.
Estes resultados comprovam a importancia das lectinas como potenciais
biomarcadores para deteccdo de alteracBes no glicofendétipo de neoplasias e
ajudam a compreender o processo de interacdo dessas proteinas com 0s seus

ligantes, os carboidratos.
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PRODUCAO ENZIMATICA DE LACTULOSE POR B-GALACTOSIDASE
IMOBILIZADA EM NANOPARTICULAS MAGNETICAS REVESTIDAS COM
PANI

Atualmente ja é bem estabelecido que a ingestdo de certos alimentos pode
melhorar o estado de salde e pode prevenir algumas doencgas, tais como
cancer. Neste contexto, é possivel compreender da perspectiva médica e
comercial, a importancia dos alimentos funcionais, os quais sao definidos como
alimento, processado ou natural, que contém compostos biologicamente ativos
conhecidos. Estes alimentos fornecem beneficios a saude clinicamente
comprovados e, portanto, sdo importante na prevencao, gestao e tratamento de
doencas cronicas (MARTIROSYAN, 2011).

Prebidtico € um ingrediente alimentar nao digerivel que afeta beneficamente
0 hospedeiro por estimular seletivamente o crescimento e/ou atividade de um
namero limitado de bactérias no colon e, portanto, melhora a saude do
hospedeiro (GIBSON; ROBERFROID, 1995). Para que um componente
alimentar seja considerado seja considerado um prebidtico, ele deve obedecer
0S seguintes: ser resistente a acidez gastrica; ser fermentado pela microbiota
intestinal; estimular seletivamente o crescimento e/ou a atividade de bactérias
intestinais associadas com a saude e o bem-estar (VRESE; SCHREZENMEIR,
2008).

Portanto, os prebidticos melhoram o equilibrio da microbiota intestinal,
aumentando o crescimento de bifidobactérias e/ou inibindo o crescimento de
bactérias nocivas. Neste processo eles sdo metabolizados a acidos graxos de
cadeia curta (acido acético, propidnico e butirico), acido latico e a metano,

hidrogénio e di6xido de carbono (VRESE; SCHREZENMEIR, 2008). A
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producdo desses metabdlitos resulta em imunoestimulacdo. Imunoestimulagéo
aumenta a bioregulagcdo, como por exemplo, estresse apetite e absorcao;
aumenta imunidade e supressao de alergias; atua na prevencao de doencas,
incluindo diarréia, constipagéo, cancer, colesterolemia, hipertenséo e diabetes;
e atua na supressdo do envelhecimento, bem como, na inibicdo da
mutagénese, carcinogénese, processos de oxidacdo e putrefacdo intestinal
(MITSUOKA, 2014).

Esses ingredientes apresentam fun¢des tecnolégicas importantes. Eles sédo
utilizados como aditivo alimentar, atuam na manutencéo da salde intestinal, na
prevencdo da constipacdo e da colite, como agentes anticancer e
imunopotencializador, na remocdo do colesterol, reducdo de doenca
cardiovascular e prevencdo da obesidade, na restauracdo da microbiota
vaginal, na producao de bacteriocinas, na alimentacéo de aves, peixes, porco e
gado (PATEL; GOYAL, 2012).

Existe uma ampla variedade de prebidticos com varias propriedades e
origem quimicas. Os principais tipos séo: inulina, frutooligossacarideos (FOS),
galactooligossacarideos (GOS), isomaltooligossacarideos (IMO),
xilooligossacarideos (XOS), arabinoxilooligossacarideos (AXOS), polidextrose,
lactilol, manitol, maltodextrina, raffinose, sorbitol, lactosucrose e lactulose
(BARTOLOMEO; STARTEK; ENDE, 2012).

Lactulose (4-0-B-D-galactopiranosil-D-frutofuranose) é um dissacarideo
sintético composto de duas moléculas, frutose e galactose, ligadas por ligacao
glicosidica B-1,4. Esta ligacdo ndo € hidrolisada por enzimas digestivas de
mamiferos, portanto a lactulose passa pelo estdbmago e pelo intestino delgado

sem ser degradada. E utilizada por todas as espécies de Bifidobacterium
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(Bifidobacteria bifidum, Bifidobacteria longum, Bifidobacteria infantilus,
Bifidobacteria adolescentis) e Lactobacillus (Lactobacillus acidophilus,
Lactobacillus casei, Lactobacillus bulgaricus, etc), as quais residem no trato
intestinal humano, estimulando o crescimento das mesmas e inibindo a
proliferacdo de bactérias patogénicas, tais como Salmonella. No colon, estas
bactérias metabolizam a lactulose e produz dioxido de carbono, acido latico,
acético e formico (PANESAR et al., 2009). Estes acidos aumentam a motilidade
intestinal e a secrecéo fluida dentro do intestino, causando um efeito laxativo
para o individuo.

Devido aos seus beneficios a saude, a lactulose tem sido utilizada em
tratamentos clinicos, processamento de alimentos e na industria alimenticia. O
uso comercial mais importante da lactulose € na indastria farmacéutica, na qual
€ utilizada como droga efetiva contra constipacdo crbnica e encefalopatia
hepatica. No processamento de alimentos, lactulose € utilizada como
ingrediente funcional ou fator bifidus. Lactulose foi aprovada como ingrediente
alimentar pela Comissao Européia (2011), autoridade reguladora da Qualidade
e Seguranca de Alimentacdo e Alimentos para Europa (WANG et al., 2013).
Além de possuir acdo prebiodtica, lactulose possui outros efeitos, tais como,
aumento da absorcédo de minerais, efeito hipocolesterolémico, sobre 0s 0ssos e
sobre a reducédo da glicose sanguinea, reducao no indice litogénico, prevencéo
ou reducdo da infeccdo do trato urinario, reducdo no tempo de transito
intestinal e preparo intestinal (SEKI. SAITO, 2012).

Lactulose pode ser produzida por isomerizacdo da lactose, reagrupando o
residuo de glicose para formar uma molécula de frutose. Alcalies e enzimas

sdo utilizados como catalisadores desta reacdo. Métodos sistematicos de
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utilizacdo de um catalisador, para a producgéo de lactulose, pode ser divido em
dois grupos principais, métodos quimico e enzimatico (PANESAR; KUMARI,
2011).

A producdo industrial de lactulose € exclusivamente realizada por
isomerizacdo quimica da lactose via rearranjo de Lobry de Bruyn-Alberda van
Ekenstein (LA). O processo inclui expansivos passos de separacdo e
purificacdo para remover os subprodutos. A reacdo pode ser catalisada pelo
uso de alcalies, tais como, hidréxido de sodio, 6xido de magnésio e aminas
terciarias, pelo uso de sulfitos, fosfatos, acido borico com trietilamina, aluminato
de sbdio e carbonato de sodio, em altas temperaturas. Além disso, resinas de
troca anidnica tém sido utilizadas para isomerizacdo da lactose em lactulose,
utlizando ions hidroxila. Estas resinas também sao utilizadas para purificacao
do produto final (AIDER; de HALLEUX, 2007; PANESAR; KUMARI, 2011).

A sintese enzimatica de oligossacarideos tem ampliado o potencial
biotecnolégico dos mesmos, e representam uma alternativa devido a alta
especificidade destas proteinas em relacdo aos seus substratos. Dentre as
reacdes enzimaticas utilizadas na obtencdo de oligossacarideos tem se
destacado as reacOes de hidrdélise, transglicosilacédo e isomerizacéo (GIESE et
al., 2011; MURATA; USUI, 2006).

Um dos mais importantes isbmeros da lactulose é a 1-lactulose (1-0-B-D-
galactopiranosil-D-frutose) e foi identificado pela primeira vez por Ajisaka et al.
(1987). Resultados de testes clinicos mostraram que 1-lactulose tem funcéo
biolégica benéfica para a salude e pode ser classificada como prebibtico

(FORSTER-FROMME et al., 2011).
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Lactulose  disponivel comercialmente € produzida atualmente,
principalmente, através de isomerizagdo quimica da lactose em meio alcalino.
Entretanto, a remoc¢édo de catalisadores e subprodutos, e a consequente
necessidade de energia sao as principais desvantagens de um processo
guimico. Na ultima década, particular atencdo tem sido dedicada ao uso de
glicosil hidrolase e celobiose 2-epimerase como biocatalisadores para
producéo de lactulose.

Glicosil hidrolases (GH, EC 3.2.1.X) s&o enzimas que catalisam a clivagem
hidrolitica de ligagBes glicosidicas entre dois ou mais carboidratos ou entre
carboidratos e residuos n&do-carboidrato. GH tém sido classificadas em mais de
oitenta familias de acordo com a sua homologia de sequéncia de aminoacidos
e semelhancas estruturais. Dentre estas enzimas, apenas B-glicosidase e f-
galactosidase tém sido utilizadas para producédo de lactulose (WANG et al.,
2013)

Vaheri e Kaupinnen (1978) relataram a bioconversédo enzimatica da lactose
em lactulose, na presenca de frutose, utilizando B-galactosidase a partir de
Saccharomyces fragilis DSM 70344. Desde entdo, uma série de estudos sobre
a sintese enzimatica de lactulose tém sido realizados (MAYER et al., 2004;
LEE; KIM; OH, 2004; KIM; OH, 2012; SITANGGANG; DREWS; KRAUME,
2014, 2015; RENTSCHLER et al., 2015).

A sintese enziméatica de lactulose utilizando a B-galactosidase se da a partir
da hidrolise da lactose a monossacarideos glicose e galactose, e transferéncia
do residuo galactosil para a frutose seguida pela formacéo de lactulose via um
mecanismo rapido de transgalactosilacdo. A lactulose resultante a partir deste

método € um prebidtico “limpo” e seguro (WANG et al., 2013).
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B-D-galactosidase (B-D-galactosidase galactohidrolase, E.C. 3.2.1.23), mais
conhecida como lactase € uma das enzimas mais importante utilizadas no
processamento de alimentos. Ela catalisa a hidrdlise de residuos 3-D-galactose
pela extremidade ndo-redutora em -D-galactosideos. Convencionalmente, sua
principal aplicacdo € a hidrélise da lactose do leite e seus derivados (PEREIRA-
RODRIGUEZ et al., 2012).

Muitos organismos sintetizam naturalmente a [3-D-galactosidase, incluindo
animais, plantas e microorganismos. Entretanto, a facil manipulacdo e
melhores rendimentos dos microorganismos tém favorecido seu
estabalecimento como principal fonte para producédo industrial de [-D-
galactosidases. Embora as bactérias possam oferecer mais versatilidade os
elementos GRAS (Geralmente Reconhecidos como Seguros), tais como, as
leveduras Kluyveromyces lactis e Kluyveromyces marxianus, e os fungos
Aspergillus niger e Aspergillus oryzae ainda sao considerados as fontes viaveis
para producdo industrial dessa enzima para industria farmacéutica e de
biotecnologia (RUBIO-TEXEIRA, 2006).

B-galactosidase de K. lactis é uma enzima tetrameérica, composta por quatro
subunidades idénticas, com faixa de pH de maxima atividade entre e pH 6,6 —
7,0. Entretanto, alguns estudos reportaram a presenca de duas formas ativas
em gel de eletroforese de amostras purificadas da levedura, a qual foi atribuida
a presenca de dimeros e tetrameros. Consequentemente, concluiu-se que o
padréo de oligomerizagao observada corresponde a “dimerizagcdo dos dimeros”
(BECERRA et al., 1998; ZHOU; CHEN, 2001). Dois fons Na* e um ion Mg?*
estdo localizados no sitio ativo da enzima, perto do anel de galactose

(PEREIRA-RODRIGUEZ et al., 2012).
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B-galactosidase tem sido imobilizada em diferentes suportes, tais como
particulas magnéticas da rede semi-interpenetrada de polisiloxano-polivil &cool
(POS-PVA) (NERI et al., 2008, 2009a), particulas de poli(glicidilmetacrilato e
metilmetacrilato) (BAYRAMOGLU; TUNALI; ARICA, 2007), particulas
magnéticas de polisiloxano-polianilina (MPOS-PANI) (NERI et al., 2009b),
membrana de matriz mista contendo dioxido de zircénio (JOCHEMS et al.,
2011), suportes acrilicos epoxi ativados (TORRES; BATISTA-VIEIRA, 2012),
nanoesferas de polietilenoimina magnéticas (LIU et al., 2012), membranas de
acetato de celulose (GULEC, 2013), hidrogéis enxertado com quitosana
(FACIN et al., 2015).

O uso de enzimas como biocatalisadores é limitado devido a falta de
estabilidade e susceptibilidade a desnaturacdo das mesmas (HOMAEI et al.,
2013). Para resolver este problema as enzimas tém sido imobilizadas em
diferentes tipos de suporte.

A imobilizacdo pode ser definida como uma técnica de fixacdo de
biocatalisadores (enzimas, microrganismos e organelas) sobre ou dentro de
suportes solidos, resultando em sistemas heterogéneos (ARICA et al., 2008).

Esta técnica tem sido uma ferramenta biotecnoldgica muito importante, pois
proporciona a reutilizacdo das enzimas, obtencdo de produtos isentos de
contaminacao, maior estabilidade ao pH e a temperatura, reducdo dos efeitos
de inibicdo pelo substrato e os produtos sdo removidos continuamente do
biorreator, além de facilitar a interrupcao da reacéo e separacdo dos produtos
da catalise heterogénea. Todas estas vantagens acarretam uma economia
significativa no custo global do processo, desde que o procedimento de

imobilizacdo n&o seja muito dispendioso, que haja boa recuperacdo da
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atividade enzimética e que a meia-vida operacional da enzima imobilizada seja
suficientemente longa (CASTRO et al., 2008).

Durante o uso das enzimas imobilizadas, efeitos de transferéncia de
massa podem ocasionar gradientes adversos de substratos ou de pH que
podem reduzir a velocidade de reacdo e o rendimento do produto. A perda de
atividade biocatalitica durante a imobilizacdo deve ser reduzida para
compensar o0 custo extra do processo (SHANMUGAM; SATHISHKUMAR,
2009).

Esta técnica comecou a ser estudada no inicio do século passado,
guando Nelson e Griffin (1916) observaram que o carvao ativo, ao qual havia
sido adicionada uma preparacado biologica com atividade invertasica, mantinha
a capacidade de hidrolisar sacarose mesmo apos ser lavado. Pesquisadores
alemaes, em 1954, retomaram os estudos e demonstraram que polimeros
sintéticos, resina diazotadas de poliaminoestireno, poderiam ser usados para
imobilizar proteinas com atividade bioldgica (CASTRO et al., 2008).

A partir de 1960, houve um aumento significativo no nuamero de
publicacbes sobre imobilizacdo de enzimas, tendo em vista as potenciais
vantagens econdémicas e operacionais que 0 processo oferece para a
biotecnologia. Até meados da mesma década, a maior parte dos trabalhos com
enzimas imobilizadas era realizada por pesquisadores de areas basicas, que
perceberam que estes sistemas poderiam ser utilizados como catalisadores
industriais altamente especificos e eficientes. Neste mesmo periodo, passou-se
também a buscar suportes com boa resisténcia quimica e mecanica, de modo
a prolongar o uso do biocatalisador. Diferentes métodos de imobilizacdo foram

estudados e observou-se que as propriedades cataliticas de uma mesma
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enzima poderiam ser alteradas em funcdo do método de imobilizag&o utilizado
e do suporte empregado. E finalmente tiveram inicio os estudos da aplicacédo
de enzimas imobilizadas em biorreatores continuos (ES; VIEIRA; AMARAL,
2015).

Existem dois principais métodos de imobilizagcdo de biomoléculas: a
imobilizacdo no interior de um suporte, por interacdes fisicas (encapsulacéo e
retencdo por meio de membranas) e a imobilizacdo na superficie de um
suporte através de interacfes quimicas (ligacdo covalente, forcas de van der
Waals, ligacéo ionica) (HOMAEI et al., 2013).

A imobilizacdo de enzimas no interior de um suporte esta fundamentada na
diferenca de tamanho entre as moléculas do catalisador e do soluto. Dois
métodos podem ser adotados: a formacdo de uma estrutura porosa na
presenca da enzima, envolvendo-a em uma estrutura tridimensional, ou a
retencdo do biocatalisador por uma membrana porosa. Em ambas as
metodologias, a enzima tem sua mobilidade mantida, pois ndo ha ligacdes
fisicas ou quimicas envolvidas entre a enzima e o suporte. Este método inclui a
encapsulacdo em gel e em fibras e a microencapsulacdo (ES; VIEIRA;
AMARAL, 2015).

A enzima pode ser permanentemente fixada na superficie de um suporte
por meio de interacbes como a adsorcdo fisica, ligacdo ibnica, ligacGes
covalentes e ligacdo a um metal (quelacdo). O método de imobilizacdo por
adsorcao fisica, cujo principio é a atracdo da enzima pela superficie do suporte
por meio de forcas de van der Waals (interacbes fracas), € a técnica mais
antiga de producao de enzimas imobilizadas. Consiste no contato da solucao

de enzima em agua com o suporte, em determinadas condi¢cdes de pH,

116



Lima, LRA Anexo 1

temperatura e agitacao. Este tipo de imobilizagdo pode ser benéfico por causar
baixas modificacbes na estrutura nativa da enzima, porém, durante a sua
utilizacéo ocorre a dessor¢gdo da mesma do suporte (ZANIN; MORAES, 2004;
LIGLER; TAITT, 2011).

A imobilizacdo por ligacdo ibnica baseia-se na atracdo da enzima pelo
suporte que contém ions residuais. A principal diferenca entre adsorcéo fisica e
a ligacédo ibnica € a energia de ligacao envolvida entre a enzima e o suporte,
uma vez que as interacdes ion- ion sdo mais fortes que as forcas de van der
Waals, porém mais fracas que a ligacdo covalente. A grande vantagem deste
tipo de imobilizagdo é a obtencdo de derivados imobilizados com altas
atividades enzimaticas devido ao carater i6nico da ligacdo e as condi¢cbes
amenas de imobilizagcédo. Entretanto, pode ocorrer a liberagcdo da enzima pelo
suporte, o que contamina o produto final e reduz a atividade especifica do
biocatalisador (CASTRO et al., 2008).

A imobilizacao por ligacdo covalente baseia-se na formacédo de uma ligacéo
forte entre a enzima e o suporte. As proteinas, geralmente, se ligam aos grupos
funcionais disponiveis na superficie do suporte, como -COOH, -OH e 0 -NH,.
Este método € o mais difundido e estudado, porém é o mais complexo, pois
utiliza condicdes menos brandas que os demais. Como a ligacdo formada é
forte, a enzima imobilizada é estavel a altas temperaturas, a solventes
organicos e a condicdes extremas de pH. No entanto, essas ligacOes
covalentes podem perturbar a estrutura tridimensional da enzima nativa

diminuindo, deste modo, a atividade enzimatica da mesma (ES; VIEIRA;

AMARAL, 2015).
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A imobilizacdo de proteinas tem sido uma ferramenta biotecnoldgica muito
importante, pois proporciona a reutilizagao das enzimas, obtencéo de produtos
isentos de contaminacdo, maior estabilidade ao pH e a temperatura, reducao
dos efeitos de inibicAo pelo substrato e os produtos s&do removidos
continuamente do biorreator, além de facilitar a interrupcdo da reacdo e
separacdo dos produtos da catdlise heterogénea. Todas estas vantagens
acarretam uma economia significativa no custo global do processo, desde que
o procedimento de imobilizacdo ndo seja muito dispendioso, que haja boa
recuperacdo da atividade enzimatica e que a meia-vida operacional da enzima
imobilizada seja suficientemente longa (HOMAEI et al., 2013).

As recentes tecnologias para a imobilizacdo de enzimas requerem materiais
com propriedades especiais, as quais aliadas a melhoria na estratégia do
processo de imobilizagdo configuram fatores essenciais para 0 sucesso da
imobilizacdo. Para ser efetivo na imobilizacédo, o suporte deve deixar a enzima
acessivel ao substrato, manter sua atividade por longo periodo e permitir que o
sistema (suporte/enzima) seja regenerado ao final do processo, sem que
ocorram perdas na atividade enzimatica (SHELDON, 2007).

Entre os suportes utilizados para imobilizacdo de enzimas, 0s que possuem
propriedade magnética tém sido utilizados, dentro da escala nanométrica a
micrométrica, em diversas aplicacfes biomédicas devido a ndo toxicidade (ITO
et al.,, 2005; TOKORO et al.,, 2009). Apesar de as particulas magnéticas
apresentarem alta sensibilidade magnética, em fase aquosa elas exibem
pequena estabilidade coloidal. Portanto, modificacbes na superficie dessas
particulas tém sido realizadas para impedir a agregacdo das mesmas em

solucdo (SAWANT et al.,, 2009). Nanoparticulas de oxido de ferro tém sido

118



Lima, LRA Anexo 1

revestidas com surfactantes ou polimeros (BERRY et al., 2003). Isso permite
que elas sejam dispersas dentro de fluidos homogéneos melhorando a sua
estabilidade e biocompatibilidade, tornando a biomolécula imobilizada mais

estavel (MACIEL, 2012).
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Abstract
B-galactosidase from Kluyveromyces lactis was immobilized on magnetic
nanoparticles coated with polyaniline (mPANI) by covalent bond. The levels of
the significant parameters and the interaction effects between various factors
which could influence the immobilization process were analysed using
experimental design and immobilized enzyme derived (IED) was characterized.
To improve lactulose synthesis using immobilized 3-galactosidase, the optimal
reaction conditions, such as lactose and fructose concentrations and pH were
determined. The retention of specific activity (3.5 U.mg™*) was achieved in the
optimum conditions of immobilization, 500 pg.mL™ amount of enzyme, 10.2 h of
incubation in pH 8.0 at 4 °C. There were changes in optimum temperature and
pH profile of native and immobilized enzyme. The K, for both native and
immobilized enzyme were found to be not significantly different. Immobilized (3-
galactosidase presented a higher operational and thermal stability than the
soluble enzyme. Lactulose synthesis was improved after optimization of the
reaction conditions. When the lactulose production was carried out at 40 °C
using lactose and fructose 200 g.L™ in 50 mM potassium phosphate buffer, the
lactulose concentration was 2.1 g.L™. Hence, one can conclude that mPANI is
an attractive and efficient support for p-galactosidase immobilization and

lactulose synthesis.

1. Introduction
The recent technologies for the immobilization of enzymes require materials
with special properties, such as high porosity, high mechanical strength, thermal

and chemical stability , and possess large surface area. Within this scope, the
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magnetic nanoparticles has become an important kind of material used in
different applications, for example, imaging agents in magnetic resonance
imaging, magnetic drug targeting, hyperthermia. These particles have been
used to immobilize enzymes in order to enhance bioelement stability, ease
separation from the reaction mixture, and increase catalyst stability [1].

The processing new materials with magnetic behavior or magnetic particles
containing a conductive polymers or surfactants it's required to produce a
material biocompatible and more stable [2]. Polyaniline (PANI) receives a
special attetion among other conducting polymers due to the simple synthetic
methodology, good environmental stability, optical activity, controllable doping,
easy tunability of their electronic properties and high levels of electromagnetic
shielding performances at microwave frequencies with a low mass by unit of
surface [3, 4].

The enzymes immobilization became one of the most innovative and
recently well-studied systems to carry out a production on industrial scale with
higher productivity. It is allows us to overcome most of the process restrictions,
improve recovery of biocatalysts for reuse, offer better stability, activity, and
selectivity of the molecules, higher resistance against inhibition, help the
elimination of unnecessary separation and purification steps, and consequently
produce desired products with more efficiency [5].

The enzimatic synthesis expanded the biotechnological potential of
prebiotics due to the high specificity of these proteins to their substrates. Among
the enzymatic reactions used to obtain prebiotics stands out the hydrolysis
reactions, transglycosylation and isomerization using glycosyltransferases and

glycosidases, such as B-galactosidase [6]. This enzyme works as biocatalyst in
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transglycosylation reactions to produce lactulose from one molecule of fructose
and one molecule of galactose via 3-1,4-glycosidic bond [7]. Lactulose (4-O-B-
galactopyranosyl-D-fructose) is reported to have a number of physiological
effects on humans, such as enhancing colonic motility, enriching the growth of
probiotic bacteria, improving mineral absorptions, reducing the growth of
putrefactive bacteria, acting as laxative agent in the treatment of constipation
and of liver diseases [8].

In the present study, the lactulose synthesis by B-galactosidase from
Kluyveromyces lactis covalently immobilized on magnetic nanoparticles coated

with PANI is presented.

2. Materials and Methods

2.1. Synthesis of iron oxide nanoparticles

The iron oxide nanoparticles were synthesized according to Maciel et al.,
(2012) by co-precipitation of Fe?*and Fe**. Solutions of 1.1 M FeCls.6H,0 (5
mL) and FeCl,.4H,0O 0,6 M (5 mL), simultaneously, to 50 mL destilled water
under magnetic agitation. Then 5.0 M NaOH was added dropwise up to pH 10
when black particles were produced. The misture was heated to 80 °C for 30
min with vigorous stirring. The magnetic nanoparticles were washed with
destilled water until pH was neutral. The material was dried up at 50 °C,

smashed and sifted (<370 nm).

2.2.Coating with PANI
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Oxidative polymerization of aniline was carried out in the presence of
magnetic nanoparticles (0.5 g) by treating them with 0.1 M KMnO4 (50 mL)
solution at 25 °C for 1h and washed with destilled water. The magnetic- KMnO4
nanoparticles were incubated into 50 mL of 0.5 M aniline solution (in 1.0 M
HCI). The polymerization occurred at 4 °C for 1h and after that, the magnetic
nanoparticles coated with polyaniline (mPANI) were successively washed with
distilled water, 0.1 M citric acid and rewashed with distilled water. The material

was dried up at 50 °C and kept at 25 °C.

2.3.Magnetic nanoparticles transmission electron microscopy (TEM)
The morphology and particle size of the nanoparticles were characterized

using FEI TECNAI SPIRIT 80 transmission electron microscope.

2.4. Determination of enzimatic activity and protein determination

Activity of both soluble and immobilized enzyme was determined using o-
nitrophenyl-B-D-galactopyranoside (ONPG). The amount of o-nitrophenol (ONP)
released during the reaction was measured using microplate reader at 415 nm.
One B-galactosidase unit (U) was defined as the amount of enzyme which
liberated 1.0 umol of ONP per min at pH 7.0, at 37 °C. Lowry et al. (1951),
using bovine serum albumin as standard protein. The covalently attached
protein on support was determined by difference between the amount of offered
protein for immobilization and the protein contained in the supernatant and the

washing buffers.

2.5. B-galactosidase immobilization
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For activation of mPANI, 10 mg of nanoparticles were incubated in 2.5%
(v/v) glutaraldehyde (100 pL) in 900 pL of 0.1 M H,SO4 under orbital stirring for
2h at 25 °C. Thereafter, the particles were washed with destilled water five
times and then with 50 mM potassium phosphate buffer, pH 7.0. The
immobilized enzyme derived (IED) was separate from the reactiom medium by
magnetic field (Ciba corning; 0.6 T). The levels of the significant parameters
and the interaction effects between various factors (amount of enzyme, pH,
immobilization time and temperature), which could influence the immobilization
process, were analysed using experimental design. In this study, the
experimental plan consisted of trials and the independent variables were
studied at three different levels and one dependente variable (Y), specific
activity. The variables and their levels selected for obtaining immobilization of 3-
galactosidase onto mPANI were: amount of enzyme (50, 275 and 500 ug), pH
(6.0, 7.0 and 8.0), immobilization time (2, 10 and 18 h) and temperature (4, 20.5
and 37 °C).

Statistical analysis of the model was performed to evaluate the analysis of
variance (ANOVA) which included lack of fit, Fisher's F-test, its associated
probability p(F) and correlation coefficient R to measures the goodness of
guadratic model. For the present study, a total of 20 tests were performed to
estimate the coefficients. The generated mathematical model was validated by

conducting experiment at given optimal conditions.

2.6.1ED characterization

2.6.1. Optimum pH
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Activity of both soluble and immobilized enzyme was assayed using
different buffer solutions: 50 mM sodium citrate buffer (pH 5.0), 50 mM
potassium phosphate buffer, (pH 6.0, 7.0 and 8.0), 50 mM sodium phosphate
buffer (pH 6.5 and 7.5), 50 mM Tris-HCI buffer (pH 9.0) and 50 mM glycine-

NaOH buffer (pH 9.5, 10.0 and 10.5).

2.6.2. Optimum temperature and Thermal Stability

Activity of soluble enzyme and IED was carried out in different
temperatures (25 a 80 °C) using 50 mM glycine-NaOH pH 9.5. Thermal stability
of soluble and immobilized enzyme derivative was studied by incubating both
enzymatic forms from 30 to 90 °C for 30 min. After 30 min at 25 °C, the enzyme

activity was determined under standard conditions.

2.6.3. Operational Stability

The immobilized derived reusability was assessed after performing ten
cycles of the same sample activity using 1.0 mM ONPG as substrate. After
each cycle, the derivative was washed three times with 0.05 mM KPB pH 8.0
buffer and the procedure was repeated 30 minutes later with other substrate

aliquots.

2.6.4. Kinetics analysis

The apparent Michaelis-Menten constant (K,**") and maximum velocity
(Vmax) for ONPG hydrolysis were assayed by determining the enzyme activity in
increasing concentrations substrate (0.1 — 5.0 mM). The calculation of the

constants was performed using the OriginPro 8 software (OriginLab
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Corporation, One Roundhouse Plaza, Northampton, MA USA 01060). Data

were expressed as mean = standard deviation (s.d.).

2.7.Lactulose production

The production of lactulose in the presence of lactose and fructose by 8 -
galactosidase ( both soluble and immobilized ) was performed in 50 mM KPB
pH 8.0 buffer and 50 mM Glycine- NaOH pH 9.5 at 40 ° C for 5h (with 30 min
intervals ). To investigate the influence of donor and receptor amount, the
initials concentrations of lactose and fructose tested were 100 e 200 g.L™,
varying the mixing ratio in the reaction medium. After that, aliquots of 100 pL
were withdrawn, heated at 100 °C for 10 min and filtered through filters with
pores of 0.2 mm to remove any interference caused by the nanoparticles that
were not separated by applying the magnetic field. Lactose, galactose, glucose,
fructose and lactulose concentration were determined by HPLC (Jasco AS-2057
Plus), using column Prevail Carbohydate ES (5 um, 250 x 4.6 mm) (Alltech) and
evaporative light scattering detector Sedex 85 (Sedere); used mobile phase
was acetonitrile and water solution (70:30, v/v) at a flow rate of 0.9 mL.min™

(Jasco PU-2080 Plus).

3. Results and Discussion

The morphology, shape and size distribution of magnetic nanopatrticles and
mPANI were analyzed by electron micrographs observation (Figure 1). Some
magnetic nanoparticles are partially superimposed onto the agglomerate core,
i.e., the boundary limit of each nanoparticle is partially diffuse; thus a precise

average particle size cannot be determined. The presence of theses
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agglomerates may be due also to the magnetic nanoparticles aggregated
together to reduce their surface energy [9] and/or due to the magnetic dipole-
dipole interactions and the van der Waals forces between the nanoparticles [10,
11]. In the present study, the magnetic nanoparticles and mPANI exhibited
agglomerates with apparently regular morphology, nearly spherical/ellipsoidal

shape, dimensions around 14.5 + 4.4 nm (magnetic nanoparticles) and 15.6 +

6.16 nm (mPANI), and narrow particle size distribution.

Figure 1. TEM images of magnetic nanopatrticles (A) and mPANI (B).

The immobilization process changes the physical and chemical
characteristics of enzymes. This is due to following factors: diffusions effects or
mass transfer limitations, originated from the diffusion resistance of the
substrate to the catalytic site of the enzyme; protein conformational effects due
to changes in the tertiary structure of the active site; microenvironment effects
resulting from the immobilization process and support characteristics. Specific

activity of IED is an essential parameter to evaluation of immobilization,
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therefore it was used as response during analysis of the significant parameters
and the interaction effects between various factors which could influence the
process.

The experimental design and results obtained from the experiments are
presented in table 1. Among the conditions, the major retention of specific
activity on support was 3.63 U.mg™. ANOVA, presented in table 2, indicated
that the model was statiscally significant and adequate to represent the current
relationship between the independent variables (factors) and the dependent
variable (specific activity), which was confirmed by F values (Table 2). The
value R? (0.9) indicates that that 90 % of the variability in the response can be
explained using this analysis. Only one variable presented statistical
significance, immobilization temperature. The interaction between the factors

showed no statistically significant according to p value.

Table 1. Experimental plan and results obtained in experiments of

immobilization.

Run [b-galactosidase] ug.mL™ pH Temperature Time Specific Activity U.mg™

1 50 6 4°C 2 h 0
2 500 6 4°C 2h 0.234514318
3 50 8 4°C 2h 1.54978947
4 500 8 4°C 2h 1.014153915
5 50 6 37°C 2h 0
6 500 6 37°C 2h 0.025883998
7 50 8 37°C 2h 0
8 500 8 37°C 2h 0.60572386
9 50 6 4°C 18 h 0
10 500 6 4°C 18 h 1.031737514
11 50 8 4°C 18 h 1.204476524
12 500 8 4°C 18 h 1.517174162
13 50 6 37°C 18 h 0
14 500 6 37°C 18 h 0
15 50 8 37°C 18 h 0
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16 500 8 37°C 18 h 0

17 275 7 20.5°C 10h 2.260016425
18 275 7 20.5°C 10h 2.272290539
19 275 7 20.5°C 10h 3.635550792
20 275 7 20.5°C 10h 2.069380934

Table 2. ANOVA for experimental design.

Freedom Sum of S
Mean Square F-Value Signification F
Degree Squares
Regression 14 19.06200164 1.361572 6.288611 0.026447633
Residue 8 2.204504968 0.275563
Total 22 21.26650661

Based on experiments, a mathematical model was build to obtain the
maximum immobilization response within the set range of variables and
following points were determined (Equation 1). Multiple regression analysis was
applied to establish the polynomial coefficients and a relationship between
immobilization percentage and independent variables was established by

means of a quadratic polynomial equation.

Y =2,55931+ 0104683 Xl+0,287449 X2 037001 X3+0,020208 X3 211034 X4 0,05683 Xl X2 0,02573 Xl X3+0,063372 X1 X4

—0,21497- X2 . X3 -0,07621 X2 . ><4 —0,09916- X3 . X4

1)
where X3, amount of enzyme (pug.mL™): X,, pH; Xs, temperature (°C); X4 and
immobilization time (h).

The calculation of the specific activity retention of the immobilized [-
galactosidase was carried out using the equation shown above. In optimal
conditions, IED retained 3.5 U.mg™’ of fixed protein per g of support. The

operational parameter was expressed in terms of standard dimensionless
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variables (X1, Xz, X3 and X,) with varying ranges, which are linearly related to
the corresponding independent variables (amoung of enzyme, pH, temperature

and immobilization time), as described below:

2 '(Ci _Cme) 2
i G ?
2 -(pH; —pHme)
X,_ — 3
2= PH, .. —PHnmin ( )
v 2T (4)
3= Tma’x ~ Tmin
)
X 2 (ti - tme)
= tméx - tmin

From this analysis the optimal conditions for immobilization process of B-

galactosidase onto mPANI were determined (Table 3).

Table 3. Optimal conditions of immobilization process of B-galactosidase onto

mPANI calculated according to the variables X1, X2, X3 and X4.

Independent Variables Responses
X1 Amount of enzyme (pug.mL™) 1 500
X pH 1 8
X3 Temperatura (°C) -1 4
X4 Tempo (h) 0.02524  10.20192
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Marin-Navarro et al. [12] and Gileg¢ [13] immobilized B-galactosidase from
Thermotoga maritime and Kluyveromyces lactis using the concentrations 250
pg.mL™* and 200 pg.mL™, respectively. However, Liu et al. [14] used higher
concentration of enzyme (3 mg.mL™) and different pH value (6.5) and similar
time (8h).

Kishore et al. [15] used Box-Behnken design of experiment to optimize the
immobilization conditions of 3-galactosidase from Cicer arietinum seeds onto
functionalized graphene nano-sheets. Mathematical model was build to obtain
maximum immobilization response (84.47%), amount of support (640.06 ug),
cysteamine (7.77 mM) and glutaraldehyde (3.34% v/v) concentration and
amount of enzyme (896.14 ug).

B-galactosidase from Pisum sativum was covalently attached on Sephadex
and optimal conditions, (pH 7.0 and amount of enzyme 43.8 ug) determined by
experimental design [16]. Response surface methodology (RSM) was efficient
to evaluate the best conditions (29 mg support, 4.3% v/v glutaraldeyde and 51.5
Mg amount of enzyme) for immobilization of -galactosidase extracted and
purified from chickpea seeds on alkylamine glass [17].

The difference between the values shown in this study and the
aforementioned are due to particularities, such as type support, enzyme source,
type of protein binding to the support, functionalization method and patrticle size.
The multivariate approach has several advantages, such as reducing the
number of experiments and time for global analysis, better statistical
interpretation and the possibility of evaluation of the interaction between the

various parameters that affect the process [18].
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The figure 2 shows the soluble and immobilized B-galactosidase activities in
different pH and temperature values. The native enzyme and IED presented two
optimum pH, 7.5 and 9.5, 8.0 and 9.5, respectively. The optimum temperatures
for soluble and covalently attached (3-galactosidase were found to be 25 and 40

°C, respectively.
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Figure 2. Temperature (A) and pH (B) effect on immobilized (o) and soluble (m)
B-galactosidase activity. Enzyme activity was performed using 1 mM ONPG as
substrate made in buffers with different pH values (5.0 — 10.5), and different

temeperatures (25 — 60 °C).

Similar results were described by Zhang, Gao, Gao, [19]. Optimum pH of
immobilized and soluble B-galactosidase was 8.3 and 7.7, respectively. The
authors explain that the pH change to the alkaline region is due to electric
charging property support, which attracts H+ ions of the solution to the vicinity
of the material causing a decrease in the pH value. Thus, by way of
compensation, the pH of the region should be high to allow the proper

functioning of the enzyme.
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Furthermore, the enzyme immobilization on mPANI was obtained through
the formation of Schiff bases, reaction between active groups of the
functionalized support with glutaraldehyde and the enzyme molecules to form
the covalent bond. This reaction can change the optimum pH of the enzyme
alkaline region.

Verma et al. [20] reported increase in opimum temperature and pH values of
immobilized B-galactosidase from K. lactis (pH 7.0; 40 °C) when compared to
enzyme soluble (pH 6.5; 35 °C). The same bahavior was observed by Jochems
et al. [21] when immobilized 3-galactosidase obtained from the same source on
mixed matrix containing zirconium dioxide. However, Neri et al. [22] did not
reported changes between temperature and pH values of immobilized B-
galactosidase onto magnetic polysiloxane - polyvinyl alcohol (mPOS-PVA) and
soluble enzyme (50 °C and pH 6.5).

The immobilized B-galactosidase onto mPANI was reused repeatedly for 10
cycles at 40 °C. The IED remained stable and retained 50% of enzyme activity
until the last cycle (Figure 3). Stability operational of B-galactosidase from
Kluyveromyces sp. and Aspergillus oryzae immobilized on different matrix has
been reported [13, 14, 20, 22, 23].

The high surface area of nanoparticles favour binding of the enzyme to the
support and reaction kinetic, improving the biocatalytic efficiency for industrial

applications, making the process economically viable [24].
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Figure 3. Operational Stability of immobilized B-galactosidase on mPANI. The
activity cycles were performed using 1 mM ONPG as susbtrate in pH 9.5 at 40

°C.

The B-galactosidase immobilized showed higher thermal stability than
soluble enzyme (Figure 4). Free enzyme lost activity after 30 min incubation at
temperatures above 40 °C, and IED remained with 28% inicial activity. Neri et
al. [22] Elnashar and Yassin [23], Dwevedi and Kayastha [17] reported an
increase in thermal stability of immobilized B-galactosidase on mPOS-PVA,
carrageenan coated with thermally stable chitosan and Amberlite MB-150
beads, respectively. The increase of thermal stability of immobilized enzyme is
due to the decrease in protein structure mobility promoted by enzyme anchoring

to the support via covalent bonds [25].
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Figure 4. Thermostability study of soluble B-galactosidase (m) and immobilized
(®). The free enzyme and IED were incubated at 30 - 90 °C for 30 min. After

cooling, enzyme activity was determined using 1 mM ONPG as substrate in pH

9.5 at 40 °C.

Kn®® e Vmax for native and immobilized B-galactosidase were calculated
from the hyperbolic curves and estimated as 0.56 + 0.09 mM; 0.45 + 0.01 U.mL"
'and 0.69 + 0.21 mM; 29.94 + 3.35 U, respectively. This difference between K,
values did not show to be statistically significant according to a t-Student test
analysis (p > 0.05). This result suggests that the micro-events (partitioning,
diffusional or mass transfer, conformational and steric effects) involving
immobilized enzyme-substrate interaction and its microenvironment did not
markedly disturb enzyme action. The fact that the enzyme immobilization on
mPANI does not alter the K,*P value may be considered na important

advantage when compared with most of the existing supports.
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Kmapp e Vmax for native and immobilized (-galactosidase were
calculated from the hyperbolic curves and estimated as 0.56 + 0.09 mM,;
0.45 = 0.01 U.mL-1 and 0.69 + 0.21 mM; 29.94 + 3.35 U, respectively.
This difference between Km values did not show to be statistically
significant according to a t-Student test analysis (p > 0.05). This result
suggests that the micro-events (partitioning, diffusional or mass transfer,
conformational and steric effects) involving immobilized enzyme-
substrate interaction and its microenvironment did not markedly disturb
enzyme action. The fact that the enzyme immobilization on mPANI does
not alter the Kmapp value may be considered na important advantage
when compared with most of the existing supports.

Higher Kmapp values after B-galactosidase immobilization compared
to those calculated fot the soluble enzymes have been reported by
others authors. The difference in the values of constants ranging from
1.03t0 9.46 [13 - 15, 20, 21, 23, 26 — 30].

In the present study, two transgalactosylation products were
detected, lactulose (B-D-galactosyl-(1-4)-B-D-fructose) e 1l-lactulose (B-
D-galactosyl-(1-1)-B-D-fructose). The influence of donor and receptor
amount and pH was tested (Figure 5A). The major prebiotic production
(1.84 g.L-1) occurred when IED was incubated with equal amounts of
lactose and fructose (200 g.L-1) in pH 8.0 at 40 °C. Thereafter, the
kinetic of transgalactosylation reaction was evaluated (Figure 5B). After
5h, fructose and lactose concentration equal to 200 g.L-1, in pH 8.0 at 40
°C. The productivity of lactulose synthesis was 0.5 g.L-1.h-1 and

maximum amount produced was 2.1 g. L-1.
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Lactulose is used in a wide variety of foods as bifidus factor or as functional
ingredient for intestinal regulation [31]. Furthermore, in the pharmaceutical
industry, this disaccharide can be used in the treatment of constipation, hepatic
encephalopathy, liver disease complication and maintenance of glucose and
insulin level in blood [32]. The enzymatic synthesis of lactulose using fructose,
has been reported in recent years [33 — 35]. Song et al. [36] used B-
galactosidase immobilized from K.lactis on silica gel to synthesize lactulose.
After 1h, they produced 15.80 g.L-1 using 40 % (w/v) lactose and 20% (w/v)
fructose in pH 7.5 at 47 °C. Song et al. [36, 37] immobilized B-galactosidase
and produced lactulose from whey lactose. The prebiotic concentration was

1.42 g.L-1 and 7.68 g.L-1.
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Figure 5. Analysis of donor and receptor amount and pH influence in enzymatic
synthesis of lactulose (A). Time course of lactulose production from lactose and
fructose. Reactions were conducted at 40 °C using lactose and fructose 200

g.L-1 in 50 mM potassium phosphate buffer pH 8.0 (B).

4. Conclusion
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This study aimed to covalently immobilize B-galactosidase from K.lactis on
mPANI, optimize the immobilization process, characterize the IED and evaluate
the potential of lactulose synthesis. mPANI proved be an attractive and
efficient support for the immobilization due to the simplicity to synthesize the
hybrid matrix and easy removal of the products from the reaction medium by
applying a magnetic field. The retention of specific activity (3.5 U.mg™) was
achieved in the optimum conditions of immobilization, 500 pg.mL™ amount of
enzyme on 10 mg of support, 10.2 h of incubation in pH 8.0 at 4 °C. There were
changes in optimum temperature and pH profile of native and immobilized
enzyme. However, difference between K, values did not show to be statistically
significant. IED was more stable in higher temperatures than soluble [-
galactosidase. Moreover, it remained stable and retained 50% of enzyme
activity until after ten activity cycles at 40 °C, making the process economically
viable. The optimum pH and lactose and fructose concentrations to lactulose
synthesis were 8.0 and 200 g.L™, respectively, and disaccharide produced was
2.1 g.L™. The use of B-galactosidase immobilized on mPANI was promising for

lactulose production.
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Abstract: This work proposes a chemiluminescent quantitative method for galectind (Gafd] detection in prostate
tissues. Monoclonal antibody antiGal3 was conjugated to acrdinium ester (AE] and the comples formed with Gal3
in the prostate tissue was chemiluminescently detected. The light emission (expessed in Aelathve Light UnisRLL)
showed mean values higher for benign prastatic hyperplasia than normal tissues and adenocancinoma. These difs
ferences showed to be statistically significant ip < 0.004). There was a linear relationship between RLY and tissue
mFurﬂmrm:,ﬂ'ﬂ:Muumdmli:q'rndu:dmmhtEnEmplumnm:m-mwm
rian labeded antkGald, FNIH.MGMMMHMFHM 2t 4*C and the treated samples showed to
b stalile during a year and at jeast T2 h, respectiely. Gald cortent in prostate tissue was higher in benign pros.
tatic hypennlasia than normal tssues and much lower in adenocancinoma. This guanditative, specific and sensitive

method beesd on labeling antioody to acridinium esier can be appled fo defect antigen in fissue,

Keywaords: Chemiluminescence, gabsotind, prostabs fissue, immunahistochemistry

Introduction

Galecting, & farily of f-galactoside hinding lee-
tifs, are multifunctional proteins invalved in a
vaiely of bislogical processes such & growth
development, immune functions, apoptosis,
and cancer metastasis [1]. The galecting have
been widely used as Wols 1o describe immuno-
histpehernical changes in the tumor cell Sur-
face where these changes are essociated wilh
tumor cell growth by inducing spoplosis or
metastasis [2). Galectin-3 (Gald) is one of the
bes! studied galacting with mary proposed
funéiang in the immune system and cancer [3).
It is & srall molecular weight (abaut 30 kD&
protein that & expressed in mary types of
humen cells, in perticular epithelial end
irrufe cells 4] Saraswati et alii have repart-
ed that Prostate-speeific antigen [PSA) regu-
lates Gal3 in human semen and may regulate
Gal3 function during prostate cancer progres-
sin [5]. They presented evidences that PSA is
a chymolrypsin-like serine prolease secreted
by the prostatic epithelium and narmely fune-

tiorig in iquetaetion of semen fallowing ejacula-
tian, Furthermare, PSA is implicated in the pro-
miolion of localized prostate jumons and bone
melasiages h:l' itg: roles in immunomedulation,
invasion, end apoptosis. The Gal3 s highly
expregsed in nomal bul nol in malignant eells

.

In prostate cancer, histopathological analysis
has & great clinical relevance, However, immi-
nokistachemical methods qualitatively ana-
lyzed have aften shown great disparity and vari-
ability of results among different observers.
Thus, in arder 1o provide a numerical scale and
reproducible  paterns of marking tissue,
increasing sensitivity and guality control analy-
sis, it hes been increasingly techrological
refnements using automated morphometric
methods [7]. Another spproach could be the
us# of chemiluminascent procedure. The che-
miluminescence, & process in which excited
atoms of molecules through chemicsl mections
release their excess energy 5 light has been
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Chemiluminescent Gal-3 detection in prostate

Marmal

nhibided ~ HPE

Tisaues

infiitiilisd

median of 6. Clinical
staging was defined
secording o the
Arnefican Joint Comim-
itiee on Cancer clagsifi-
cation [10] and histo-
logjeal grade gecording
to Gleason seore [11]
Patients’ ages varied
from 45 to B0 years
ol

Antrgai3 antibody
canjugation with acri
diniLim @gpar

Acridinium  ester was
canjugated 1o anti-gal3
artibody  |Sagrostic
biosystems: lane 9C4)
accarding 1o Weeks et
al. [12). Briefly, anti-
Gal3 (500 i eontsining
2 mg of protein) was

P& nhibibed

Figure 1. The ight emission (RLL) from nomal, benign prostatc hyperpiasia (HPE]
and adenccasminoma (AP} tissuss in = 15 and triplicates). The inhibsted columns
were: obtained by incubating the fssues with nonskabeled antibody previous to anti
(Gal3a4E incubation. The statistical analyses showed sgnsfcance between the mean

incubated with 15 pl of
acridinium ester solu-
tion (0.2 mg diluted in

values (o< 0.001).

the focws of research to broaden its application
ifl various areas including in immunoassays (8.

The im of this sludy was to identily the Gal3 in
normal, benign and mefignant prostate tissues
by using & speeific antibody lbeled to achdin:
um ester (AE). Afterwards the antigen-antibody
cofmplex wes revealed by chemiluminescence
that is capable to detect in the range of fento-
males of slomoles (L0 o 10 mal) [9).
Additionally, Gal3 was evalugted in these pros-
tate tissues by immunchistological staining
using antibody conjugated o perovidase and
digital image analysis &3 comparison.

Materiaks and methods
Human prosfale spesimerds

Farmalinfiued and paralfin-embedded benign
hyperplsia (15} adenocarcinoma (15) and o
ral (15) prostate tissues were obained from
the archives of the Clinical Hospital of the
Federal University of Permamibuce, Brazil Thess
disgnostics were established by one of the
auithars (CABL). The Gleason histalogical grade
ranged from 5 to 9, with the mean of 6.7 and

A00ploM™N N-imethylfo-

mamide) for 1 h at
25°C. The conjugate {anti-Gal3-acridinium
ealer) was applied 1o & column of Sephadex
G-25 (10 1 1 ), previously equilibrated with
10 mM phosphate bulfer, pH 7.2 (100 mi) and
eluted with this bufer. Aliquats {1 mi) were cok
lected and their profein content was 'B-FIKH.I'CI-
pholometrically determined 8t 280 Am and
ehamiluminescence assayed. The aliquats con-
taining protein end chemiluminescence ware
potled, dialyzed overnight against 10 mM
phosphate buffer, pH 7.2, and kept at -10°C
uriil uge.

Chernilurminescant immunoassay

Paraffin sactions (B um) of samples were cul,
translerred 1o gass slides, deparaffinized in
aylene (1 for B min and 10 dips in 4 Subces-
sive contalners with xylens) and hydrated in
graded aleobdls (3 x 100% and 1 x 70% - 10
dips eachy. Afterwards tisae shiees were ned-
batesd with anti-gal3-AE {100 ml - 100 g mL=)
for 2 h at 4°C, Tollowed by washings (2 x 5 min)
with 5 miL af 10 mM phosphate buffer, contain-
ing 0L15 M MaC! (PBS), pH 7.2 Then the lissues
were lransfermed 10 polypropylene last tubes
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Chemiluminescent Gal-3 detection in prostate

0.0 0.5 i0 15
Tissue area [cm]

Figure 2. Relationship betwesn RLU and the tissue anea of benign prostatic iypepies

sia |aL, normad tssue (&) and adenocarcirdma ().

with & valume of 50 mL of PES. Finally, salu-
tions of 0.5% .0, in 0.1 N HNO, (50 ) and
10,25 M NaDH {50 i) wese sdded for chemilumi-
MESCERT MEasurament l.ﬂl'! B lumindmeter
Modulus Single Tube D200-D01 (Turmer
BiaSystems, USAL The ernisalon intengity was
determined aa relative light urits (RLL) with 8
b'.'HJﬁ'I.l! lime of 5 seconds per Sample.
Tf||!|iﬂﬂtl’.‘ reasurements wene Caried oul
threughout in this study. Anti-Gal3-AE binding
inhibition assays were accomplished by incu-
hating the tissues with nan labeled Anti-Gal3
{100 mL - 100 mg mi) for 2 h at 4°C prior to it
incubation with ariti-Gal3-AE. Following steps
were @8 deacribed previously for the binding
protaesl,

ImmunahBsiehemical staining

The immunareactivity of anti-Gal3 conjugated
1o peroxidese [Sigma, USA) wes established
atconding to the protoesl proposed by Hsu et al.
[13]. Brigfly, the tisswes were cut (4 mm), rans-
ferred 1o gless slides and deparafinized as
described above, The seetions were ingubated
with citrate buffer 8t 100°C for 30 min under
walter vapar, washed [5 miri with PES and inti-
hated with lyophilized bivine serum 1o avoid
ernss-eactions), then incubited with H0, for 5

min and weshed with
PBS, incubated with &
solutioncantaining ma-
nadanal antibody anti-
Gal3 {at 150 dilution)
for 1 h 8t 25%C. The
prostate tissues were
incubated with biti-
iylated  seeandary
antibody (DAKD LSAB
Kit, USA) The revels-
tion of the antibody
was obtained by reac-
fion of perosidese
visualized by incubat-
ing the tissues in &
selution containing the
substrate  (digming-
penzidine-DAB  plus
HO)L The sections
were pounter stainged
with hematarydin and
examined under a ight
micrescope (Olympus
BH-2, Jagan).

Drgital image anafysis

Shites images (magnifeation 100K were cag-
tured using a digital video-camera (Sony, Japan)
connetted o & ficrostope and processed
using OPTIMAS™ softwere version 6.1 (Dptimas
Corparetion, USAL Antibody siairing patiems
ievealed by DAE-pefdidass feaction were
ablained in gray value, Image analysis of Gal3
positive cells was eerried oul adjiusting the
equipment o consider pasitive viable calls only
thage presenting nucleus and visible stairing. A
correction factor (CF) was used 1o minimize dis-
tortions in values due 1o the prasence of fn-
stained cells, secording to the equation CF =
&5 where 5 means relative surlate afes and 5
the total area measured [14). Analyses of the
number of cells per aea (12,234 im’) were
developed in three random afeas of stained
fumor tissues.

Statistical analysis

The saftware Origin Pro® (DriginLab Corparation,
One Roundhouse Plaze, Northamplon, MA
D1060 USK) was used for the chemilumines-
cence data processing (expressed as mean ¢
standrd devistion) end statistical analysis
{Mana-Whithey L-est and Student Heal; p <
0.05).
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Table 1. Result of the immunohisiochenmical
staiing from number of pesitive Gel3 cells in
prostatic lissues eveluated by image &nalysis
[ristl rea per fiald = 12 334 pim')

Tisue Auerage area (un)
Benign postatic myperplasia 8846 £ 49.7"
Prostatic adenocarminoma. 1188 4 918"
Harmal prostate 284 M8
vy

Rissults

Here, AE was conjugated to the ant-Gal3 antk
biody gnd used i identily the Gal3 in prostate
Hssues, Figure 1 shiws the RLU mean vilues
abtained for nofmal [LOB3 » 10% ¢ B1044
RLL), beriign prostatic hyperplasia 1,38 & 10°
4 §7799 RLU) and adendcarcinoma (214,234
# 22172 RLU). These mean valuwes showed to
be statistically significant p < 0.001) These
values were drarmatically reduced when the tis-
sue samples were previously incubated with
fon labeled anti-Gai3 antibady yieiding values
of 10,617 ¢ 4,408 RLU; BE3T & 969 RLU and
B.EBT £ 1,011 RLU, respectively. It is important
o call aitention 18 the small standard devia-
tions of these mean values although samples
wire collected from  different  individugls.
Furthermire, Figune 2 shows that RLU & difect-
ly proportional to the tissue areas for &l those
ifvestigated, namely, normal, benign prostatic
hyperplesie &nd aderocarinoma.

The anti-Gal3-AE solution in buffer stored &t
AD"C showed to be stable during & year pre-
senting (50 o) chemiluminescence  of
16,804,400 + 431.263 {2.6%). Furthermore,
ihe tissue samples reated with the ant-Gal3-
AE wene also stable for 72 hoat lesst yielding
RLU velues of 10BT.250 &+ 39728 (%)
1311 200 + 40,035 (3% and 2110589 #

12,077 (6%) for the normal, hyperplasia benign
FII'-IHIEU-E and prostatic adenocaminoma Sam-

ples, respectively

The immunohistochemical staining studies
demonatrated significant differences in the
patterns of Gal3 expression in the tissues
(Table 1). Benign prostatic hyperplasia present-
ed higher gverage steined area than the pros-
iatic sdendcarcinoma cells and nomal ilje-g
tate. These resulls corroborate the chemilu-
minesgance data,

Figure 3 pregents typical microseopic view of
histological specimens of prostate fissues
stained with ant-Gal3-perridase/DAB and
eounter stained with hematasylin.

Distussion

In our lab, the use of chemiliminescents hes
been wed 1o reveal the gyeocode of normal,
fibroadsnoma and imvasive duct earcinama ta-
gues Lsing becting (Concanavalin & and Peanut
agglutinn) labeled with AE [15, 16]. Pholan
erfission observed during the bregkage of the
ehertical bound between lectin nd AE wes
quaniified, expressed in RLU and corelated o
the labaling of the nonral and ransfared ta-
gios, The leetin chemiluminescence was high-
ef in ibroadanara and 10C than in normal e
sue for both lecting tested. The relatianship
RLU eimisgion veraus tisue ahea described &
linear and Myperbolie cure for I0C and fbroad-
enome, respectively, using Con A wheress
hypedbalic eurves for bath tranafonmed lissues
uging PMA. Recently, mmunochemilumings-
eence detection method for the human epider-
mial growth factor receplor 2 (HERZ) in braast
1umors was propaged [17].

The anfibady anti-gakectin-3 wes Bk immobi-
fized anto palysilosane-palyvirgl alcabal semi-
interpenetrated network and the sntibody-
melrix wes capable 1o caplure the Sefum
antigen gelectin-3 [18]. ELISA procedure was
set up 1o quantify the Gal3 levels in sera from
patients with prostatic adenocarcinoma and
berign prostatic Myperplasia and healthy indi-
vidiats. The optical density (Gal3 level) values
eatablished for the sera from patients were
lower compared with those found for the
neglthy individusls. Also, for comparative
effiect, the Gal3 expression in the prostate tis-
sue through immunohistachemisiry wes evehu-
ated. Gal3 showed & significant increase and
reduction of the eyloplasmatic protein expres-
sion in benign prostatic hyperplasia and pros-
1atic adenocarcinema, respactively, eompared
with the nareal prostate.

Quekitative and quantitative changes in the ghy-
eoprotein components of cell membranes are
ighly significant in the development and pro-
gression of many neaplastic processes [19]. In
eancer celly the increased expression of Sur
face carbohydrates has been widely ocument-
ed by histachemistry and immunohistochemis-
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Figure 3. Typkal Immunohistochemical staining for Gat3 in prostate tissues with benign prostatic hyperplasia (A),
normal tissue (B) and adenocascinoma (C). M images were obtained with 200x magnifcation.

try [20]. The galecting, in particular, are being
tested as sensitive tools, stable and easy to
use 1o distinguish transformed celis and non-

transformed [21-24).

Galectins are found in many cell types and tis-
sues, and various functions are described to
them, The galecting have received increasing
scientific ttention due 10 its various functions,
not only in biochemistry, but also in medicine
with possible pharmacological activity. Among
the most extensively studied galecting are
Gal3, & protein with dhverse biological roles

251

About functional properties of galectin-3,
described 8o far, it is clear that this one has
several roles in the pathogenesis of cancer,
proliferation and dissemination of metastases.
In eddition, changes were found not anly in the
expression of galectin-3 but also in their intra-
cellular distribution in certain types of cancers

126,27}

Our results are consistent with those described
in the literature on prostate cancer, showing
that & reduced expression of galectin-3 (Figure
3C) oceurs as the disease progresses 25, 28].
And conversely, & higher expression of this pro-
tein in tissue fragments of normal when com-
pared 1o the malignant counterpart [6).

Several evidences have demonstrated the
great importance of interactions between can-
cer cells and residual carbohydrates during
cancer progression [21), suggesting the exis-
tence of & large number of molecules involved
in this biological event.

In the present study analysis based on immu-
nohistochemical staining identified a cytoplag-

mic expression of Gal3 more intense in cases
of benign prostatic hyperplesia (Figure 3A) and
nomal tissue (Figure 38). This finding corrobe-
faLes previous reports [6, 211

From the results above one can conclude that
there was a statistically significant reduction in
1issue expression of Gal3 in prostatic adeno-
carcinoma celis compared 10 normal tissue.
Benign prostatic hyperplasia showed a signifi-
cant increase in ceBular expression of Gald
when compared with the counterpart malig-
nant and normal tissue. Furthermore, there
was a linear relationship between the Gal3 che-
miluminescent detection and tissue area in all
examined prostate samples. The anti-Gal3-AE
conjugate and the treated samples showed to
be stables for one year and 72 h, respectively.
Thus the antibodies conjugated to acridinium
ester can be used as tool to quantify the chang-
€8, minimizing the subjectivity of the analysis.
This method demanstrated that imunochemilu-
minescence can be value in tissue analysis,
showing high sensitivity and perspective of
application in early diagnosis due 0 its detec-
tion at the molecular level.
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Evaluation of glycophenotype in prostatic neoplasm by
chemiluminescent assay
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Alwtract: This work simad 1o evalushy T glyopherobos in nomal prostate, bening prostatic hypamissia (BFH|
ond prostadc adencoorcingma (PCa) Sxsues by & chemiuminesoant method. Concanavadn A [Con 4], Likey aon:
s agilutinin [UEAL) and Feanct nggiutini (FiA) lecting ween conjugsbed to aoridinium ester (lecting-AE). These
ponjugatis ramiined copabie io recognizs thilr speoific carbotmydnmes. Tiswe sompies wern Incubatnd wih iscting
AE. The chemilumingscence of the tesusectinAF comples was aupressed in nelatha light unfs (RLLIL Transformeid
tissues {0.25 om” by B pm of thickness) shoved statistionl significant lower o D-glumsa/mannosa (B74: 226,931
+ 17.436; PCa: 230,520 + 13 308) and GalEl1-3Gallde [BFHE 28,754 + 2 AGT; PO 16, T2E + 1 24| apras-
sion than normal tisswes (357,566 £ 48550 ond 404,289 + 32 336, nespoctivalyl. However, higher olducse
MFassion was ofsanil in PCE (261,118 + 14,193 in reletion to nomal (200979 £ 21,318) and BHF {165,758
t+ 10,264 thioues |t wis ohsaried an epresshie deceasing of the wlues. of RLL by Inhibition of the Imsmcgon
betwzen tissuns and lecting-AE wsing their speciic corbohydries. The miationship between FLL and Tissue ansa
showind o Inisar orsation dor all lecn-AE In bith transioemed Hesues. Thise nesulis Indionted that the 1Said
mithod b5 an afficient toal for specific, sensiive and quantiiathe analyses of pestitic ghoophanotme

Hopvcards: Chemniluminasieros, Incting, carbohyirates, prostrtic mnoer, benign prostatic Myoerplaslo

Introduction tive procsdurss o cemwt the morphologcal
[l TR

Hintochameatry s basn o poswsrhal bodl in Cene
cor dicEnon:s and many tschniguss hove baen

reporind in ordar to dantify their pathologcal

In our |gb, histochsmiotry chemiuminsetsncs
heo besn propossd replocing snzyme o8 kabel

miolecular afwretong. Among osll deffsnetic-
o /dadif ferantigton the ol @osacchards comt
peaetion @nd distribution im the csll surfoce Sy-
Coconpusatas @ under inbsneivs sneyes [1].
Lacting have besn unad to cherectsnzs the
cancer ol Ziyoophanotyps. The moot smaloyed
visuglizetion of the bnding between lsctn-cer-
bohydeate in histochemietry & boosd on
anCyma, pertular’y, parocdons. The Conwen-
fonal mathods and peramiatan adopted by the
eniglyots o the Dopey snslwas cre usualy
Esagesd o SubyaCtive procadurss [J). R ahowd
e mchvinaible to inkroduce spacihc and ousnt e

by umirsstsnt compound [3-8] Chamaum-
neacanc® hos been known io bs o powerful
wnglytcel Wohnague that schibitn high ssnaity-
ty with wirg-senective dedscton imdbs |ekbo-
mole-zeptomals), aslectity, dewslopment of
redd eddarn end & brosd rengs of analytical
wpplicetone [T

Hare, the sams soprach @ propossd 1o svalr-
whs the giyoophenotype i prostatc neopiassm.
Progtate fre@menin dmgnoasd o6 bsniEn prog-
felic hypeplass (EPHL proatalc edencoancr
nomia (PCa) and normal human proatobs wers
rrimatidated.
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Proatets cancsr o the sacond most frequseTty
digsnossd cancar and ths sih scdng Couss
of cancer deaath in males 2] To dats, the dag-
nodss of PCa @ boaad on ssrum prootate-ape-
CihC antigan (P24 isating, digtal rectal sxemi
nation (DRE) and dekned by heebological
Axamination of progtate cors nesdls Ceooosn
dekning the dezres of tumar mialignancy by the
Glaanon scom [8]. Howssr, thia valus danands
on the enalyet. For thia reeson soma mathod-
ologhea hanvw basn taatesd for hedpong this widedy
L techinigqus [10]

In thia work the lscting Conoanawain 4 [Conal,
peanut aggdiutinin [PHA) end Liex suropesus
agglutinin (VEA-1), mnpactivaly, apacific to o-D-
Slucces/mennces, Gel-B(L1-3-GalNAC and ol
fucoss, wers Conjugcked fo aoridincum saisr
[AEL Ths derveiives (aciing-AE) wers ubsd to
svalusis the Sycophenotyps of prostsis tia-
susa [PCa, HEF and normall. Pravious nsporin
hiree unad theas lecting to evalughs the @y
cods of proatobs tinousas but labeling them with
peroxidens [11-13). Thus & compareon could
b metabliahed babwesn the pressnt procedurs
and thoss comtributiond. Basdss theas ore bio-
logcal relevant carbohydrats rssduse among
others [11

Matenad and methods
Reagenta

N-hydrosyaucrinimade-activated dmeth ccre
dirium saisr [CMWAE-NHS | 1B88-1-53-2/ Orfar
nic Lab was kindly suppied by Or. H. H. Weatall.
Conm A PMA UESH, M M-gimsthyifermomiss,
trypein from porcing pencress, methyl-a-C-
mannosds, C-folectons, a-Lfucobs ocnd 2a-
phigdes G-25 wers purchessd from Sigmar
Aldrich (2t Louis, MO, UZ4) Chamiluminsecent
dstection woa parformed ukng Sismenn
Reagant TSH S00T [Baemens Medcel Solutong
DigZnoatice; Maivern; PA; U24) compossd of
0.5% H,O, in ©.1 N HNO, and D.25 M NedH.
iyiane and sthenol wers obtaned from Merck
[Carmetadt, Cermanyl Al other chamical
rsagantn wead were of analytical Zradas.

Eamplea
Proatets fragments degnooed s BFY in=248],

FCa in=50) and normil humen proatets n=5)
wiare obtained throwdh parefSn-smbedded

Euiopaiass from Tiaaws Bank of the Cinic Hoopital
ot the Fsderol Univarsdy of Pemambuco,
Northeastern Brazl. The sarice patholofatn
under Or. Marcng Monbsnagro os MWalo Lira
ls@darahip parformead the diagnose of prostet
iC rsopieema. Patent's agse for BPH and PCa
vairisd batwesn 47 and 28 pears (maen 24) and
Se gnd &4 yeare (masn €7), reapactivaly. The
Hsafth Scance Centrs Eosthical Bogrd from
Fadaral Unwaraity of Permambuco, Brecil GERY
CCE/UFPE Mo 185/08, sporoved this study.

Con A, PHA angd LEA- sonjufations with aor-
inium =ater (45)

A wiah conjugaisd o acting sooondng to [14].
Briedly, bscing |1 miL corbaining 2 me of protean)
wars incubated with 10 pl of Gcridinium sater
polution (0.2 mg diuted in 400 pl of WM
dmetiyifermamade] for 1 h ot 25°C under rote-
ry atimring. The conjugats (lactn-4E) was appied
t0 @ column of Ssphadex G-25 (10 = 1 o), pre-
vioualy souibreiad with 10 mM phoaphats
barffer, containing 0.15 M MaCl (PB3) pH 7.2,
and & hubsd with thae buffsr. Aliquots (1 mL) wers
collsctsd Grd their protean content wea apsc-
trophotometrically detsrminsd ot 220 nm. Cha-
miluminaacencs of ths sams aliguoin was 2l
sooaysd wih eclutions of 0.5% HO, n Q4N

HMD, (50 pL) end 0.25 M MaOH (50 pL) usng @
lurminomester Modulue Sings Tube B200-004

(Turnas EanEyertasma, V341 The smiibaaon nisn-
pity wan debanminad ao redEtive [fht units (RLLY
with @ counting tme of 5 pacondo par sampks,
Aftsr conjuZation, Con &-AE and PHA-AE wars
evalusind mgardng the mainbsnancs of its cer-
boirydrads rscogniton propeety hemaggutingd-
g @ctiity) uaeng @utaraidehyds treated rabbt
srythrocyiss cnd human srythocytss for LEA-
AE [Badrio at i, 1688) Fractiona Come-
pponding 0 proimin and chemduminsacsnos
psaks wers pooisd and protsin concentration
wias magaured [13].

Leatin hiztoahamistny

Parafén pacton (2 pm) of samples wans cut,
ranaferrad t0 flosn asdss dsparathnicsd @

xyhans (once 5 min, and thres-foid 1 min) and
mshydrated in Eraded aicoholn (thres-fokd 100%
&nd onca 7O - 1 min aach) Shdsa wane treet
#d with DA% (wv) trypein eoiuton et 37°C for
two minutas. Shdss wars woshad [twice, S min
sach time] with PEZ. Afterwards tinous alicas
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s ¥ E & 3

PR

Flgwn 3. Chamiluminasoancs In nonmal peostnbe
tssues (n=S5), bamign prostatic oempiasin (=44}
and prostrin adenccorcinomia (n=50), using the
confugats Cond8E, PNASE and UEAAE. Diferant
lthiers Indicate sintistoaly sigrificant. All magsure:
miarts are misan + 50 of triplome

wars incubarted with lacting-2E (100 pl contsin-
ing 10 ug of protsan) for 2 bt 25C, followsd by
waehing (thesa-foid S min) with 15 mL of FB3.
The arsg corrssponding to tesus ssction
|equars-sheped) wes defined ss 0.25 cm” vaing
@ homsmede moid. Previows bo chsmium s
cont soaay, aicea from the esksched panafin-
gmbadded biopess wene stened with hama-
towilin soain and sxaminad by cotsc mCroaCopy
for localizing the tumor Grec. Then the teauss
wers ot with @ bitoury, remoed from flose
mhden and tramefsred o & polypropyiens teat
tub cotgining S0 L of PES. Finaly, RLU from
tesus-pouarsd somolss wers ossoyed oo
dsscribad obove. TrpRCEis mecaunsmsnis
were corrmd out throughout thie shudy. Lectin
bireding ‘mhibition ooagye wers gccomplahed by
incubsting sach sctin solution withh 300 mM
mesthyl-a-C-mannomde (CGon 4) C-galactops
[PHA) and o-L-fucoas AEA-l) for 45 min at 257G
prior to their incubetion with tioousae. Tha fol-
lowing ohaspa wars thoos desscribad for tha bind-
ing protocol |@fter Lactin-AE imcubaticn).

Ares varsus carbohporads sxprassion oomala-
ticn

The profils of carbofrdrate sxpraesion, nevecled
by chesmiluminsecant sminaion dus o opacifc
lactin binding, wat &l svelugtsd ae @ function
of Gissus areg (0,125 to 1.0 cnv wsing sporapre-
gta homamads moidal Thase different Goaus
s aampiss of BPFH and PCo wens procaansd
mimilar’y go cbove deacribed (lectn histochem:-

a4

40
i
-

FeLid w137

Hnsplagia typaee

Figues 4. Lsotin binding inhibition sssoy in peostate
tissues dagrostic as benign prostatic Wypeminsia
(= 5} and prostate sosnooscinoma in=5) The pon
Jugate Cond-E, PHA-AE and LEA-AE wara inhibitad
Lsing, respeotively, mathsa-D-mannopsraniosioe, D
palsctres and D-fEnse, Al magsuremants an msan
+ 50 of triphicade.

wiry] uming Con &-AE, PHA-AE sind UEA RAE
ConpLsatea.

Statistical analmin

Tha poftwers Orgn Pro 8 (Origin Lab Core
poration, One Roundhouss Flezo, Morthampton,
W& OA080 1EA] weo uesd for the etotiatical
ahalymie and data wers sxpmedsd a0 mean £
otandand deviation (300 Cibtsined data wens
comparsd using AMOVA teat Tolowsd by poat-
Tz Tuosry isat fior Con &-5E and UEA -AE mautin
and Ensmka-wallis folowsd by poot-hoc
Conmcriar taet fior ths PHA-AE resulte (P < 0.05).

Resufts

& typicel purthoataon prodie of Com & PRA and
LEA- Inctine conpusated 0 acradnum sabsr in
dameonatratsd n Figure 1 & B and C, reapsc-
fwelyL K con b obesrvsd that @il sdution pro-
filsa phowad absorbence 250 nm (probein) and
chemiumirsscsnce paskes around the 107
fraction, indicating that the lectine obtained
from thaes aliguots wens conpugabed to aoridn-
ium sgter. Tha other chemiluminsacence peako
wikhout concomitant protein presancs Come-
pponded to the fras saber, Furthermons, the g
s demoratratess thet afisr the proceas of con-
Jugation ared shution all lsctin conjuZaten wens
otill capabs to recognzs their opacic carboby-
drebes by hemosfubnobng octvity oy,
Thsss resulte showsd that the conpugation dad
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Figure 5. Anintinnshis birteessn LU and oren (02125 o 1.0 om#) of perete Sxsus disgnossd &5 Senign hpemiasio
prostato and adencoarninnmia prosime by using Con A-AE (4], PNA-AE [B) ond UEAAE (T} conjugates. Al massun:

mienis are mssn + 50 of iriphoade.

not caus bactin atruchore asratone to inder
e thier carbotydrats recogniton oitse.

Figure 2 schematicaily ilustratss thia chamiu-
mensscsnt lactin histochsminbry procedurs.
Con &-AE PMA-AE and UEA ME conjugabss
ware ussd to invesst Fcts the: @ ycophsnotyps in
progtatc normial @nd nsopleatic teauss. Tha
finding rssulte are diapiaysd in Figure 3. & wae
obasriad o lower sipraasion of o-C-glucoasy’
MaEnnoes resduse, reccEnized by Con A-AE,
betwaan the BHP (226,331 + 17438 RLU) and
PCa (238,520 £ 12,36E ALU) tioousa cnd ths
nomial (287,568 ¢ 48550 RLUUL The trone-
formiad proatatc Gesuse prassnted an sonnse-
mion of o-C-flucoss/mannons  SEnscaty
lower (o < DUDS) when comparsd to normal
progtatic Gosuss. Howssr the dffersncs
badwaean malignent crd bengn tesuss woe not
atatintiosdy o EneRccat.

The sxprasscn patben of B-Gel(1-3-Galec
aleg gsoreaesd in BPH (28,754 + 2,457 RLY
ard PCa {18729 + 1,204 RLU) compamed to
normial tesuss (408783 § 22338 RLU
Mevsrthaisas, statatic signficent dfMemnosy
ware obesrved omong the tissuss (EHP and
PCGal @nd betwasn thees two condtions and
noemmial tanmLes.

In relation to a-Lfucoss it was oboarved n
incrages of the sxpreeean in POa (251,118
14 183 RLU} compared to normal (200,879 £
21 318 AL} erd EHF (168,754 + 10,284 RLU)
tiauss. Theos differsnces wers otobaticaly
migniheant.

Inkibition eseayn (Figure &) woo performad
uming mathy-o-C-mennopyranoaids, D-salac-
toss anid C-fucoes suzars for Con AE4 PHNA-EA
ard UEA--ER, reapact-vly. i won cbesrved an

zels

supnsssve dacrsaping of the ALL valusa for all
inhitiind iscting-AE. Hiowsvar, the inhibtion of
the PRA-AE woo rekatyely lowsr (from 27 BET £
1848 0 15,242 £ 2,7380 in HPE and PCa G-
ouna (from 22830+ L 116 ta 14,383 + 1 £ad).
Thaes dacregbss in RLL voluse suggsat thot
ren-apschc binding batsesn the |schne-EA
&nd ol ourface Syooconjudates piered not ral-
BRI ok,

Tha reigtonship Dateesn FLU ond tiaus aa
phowsd @ linssr Comeation fof af lscting-4E

end tranaformed tioouse (Figere B Thees
rsbuite revaal thet the intenaity of smethed |ght
i dhractly proportional to evedlabls teeus amea

e wel oo o the conisnt of sxpossd carboby-
drahe rensdusa.

Dincussion

Glycana ars ovoleed oo eeversl piroiologcal
end pothodiogcs! comditions ouch oo hoat
peathongan inierogctonn, indemmation, dewslop-
mant end masgErancy [15] The conosr o
ennocigted with Flrooayiction citeratiang in £y-
coprobsing and Eycohpads (18], Thass changso
can affsct imbarsctions betwsen tumor csll-ow
facs ghtene and sndofsnoue BCling, which
miay detarming the madsaetatic potential of the
tumor cedl [17]. 2avers! common atructural
chongss oocur i fumor Eycone, including
incraaonsg in the kel of truncaton and bramch-
ing of struchurss ca wall o an ncragssd soonse-
mioin of unusugl tarminal sequances [18].

Shudise preasmted svidsnoss suZfEsating that
the glrconyletion of probming won mod$sd in
both EPH ond prostatc corcmoma [13-13]
Hiovweever, thess meports smployed diffsrsnt
cporoaches from thie work. Lacting wers

Int J Cin Exp Pathiod 2004, 7 T12800-2808
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labsimd wih peeoxidees cnd the otansd tee
musE wers arbetrarly ouanthed by imass
e [

The preasnt study dsmonstratsd that the trene-
formisd progtatic tesuss prassnted an sxprss-
mion of o-C-flucops/marnops  sEnhooty
lower compered o rormal prootobc o,
Hovwerver the diffsrsnce batwssn malZnent amnd
banign conditiong was not stabistooldy sns-
cant. Thesss reoults diagres wih thoss report-
gd by [13], whare they notsd &n ncmeds of
-0~ FNC 008, TR NNOGS SEDIS0N i Ny prior-
iC tisausa compored 0 normal ond prostatic
gdsnocercinoma toouse. Other study, @leo
obasrasd @ Righ aepnsstaon of FuCoos man-
nos regdduss N proetotic teaus however, it
Wil not obasrvad siEnRcant differsncsa among
the normal, bangn prostetic hyperpleeis and
proatetss edenocarcinome tiseusg.

Tha recosnition of the pothern of Gai-pil-3)-
GaMNaC sxpraaaion cbtainsd Dy PHA-AE aooond-
ing to this work ahowsd o dacreosing in thass
Fiycanga with the tioous tranofomation procsss.
Tha RLU valusa (Gal-B1-3-EalNE axpmsas:on)
proasnisd the following order normal teaus =
EHP = PCa. Theas repults ore consastsnt with
thoos demonobreisd by [15] deapite the differe
g of mathodologien. Howener, [11] repoirted
diffarant bahavior. Thay notsd that PHA pre-
manind @ lower staining in nosmal prootats and
bemign prostatc hyperpesc and o etronger
otaning in proghatc sdenocarcmoma. o
worthwhils to cell attsmtaon to the fact that AL
valusa Tor PHA-AE mgcrdng the troreformed
tiaauss (BHP and FCa) ars the ioweot sugfsal-
ing that Gokfil-Z-CalNeC saprasseon & dn-
maaticelly rsduced unders thess conditions, Tha
taaus-lactn-AE complies inlibition by galactoss
Wl ol not B0 intsnae ke for the othar lac-
timerAE inkebetion studess. The anaiyme of the
trenaformsad proototc teouss with PHA-AE
Bk e daaareg further abudisae.

Withi rsgpact the sxprsamon of Lfucoas mar-
duss identifed by UES-AE thie work demon-
atraind the inCreasong sspresoon in PCa com-
pare<d tonormal tissus, Howeyer, this sxprsasion
dscracasd in EHP that prossnted a lowsr RLL
valusa than PCa and mormal tioous. Theos
ressuite cormobonats thoss raporied by (11, 12].

The increessd sepnssson of L-fucoss raaiduse
in the malignemt condtion hea olso besn
pbasryed o the corbohydrabes frection of

parum F3A from individugle with proatstic ade-
MOCErcinomia (18]

Liscting conpugotsd to @ Chromo@snic [abiel hovs
bemen widsly gdoptsd oo hiotochemecs probess
fior omisatigoton of @ycophanotyps from var-
o human normial @nd milignat teouss [20-
24]. The anciyess of theas stoined preperc-
tiong wers essther parformad theough light
MRCrOaCony Dy an obesrver or quisntfisd by se-
aral morphomstric propoddaie. Hens, Chamilumi-
remslsert probea (lectne |sbalad woth sordinium
mater) provided @ simpoks, opschc and afhoant
tool in the quismttetive debsrmination of the te-
pus Fhocods s praviously rsporied by [3, 4]
fior hiuman brecot teaus. Tha procsdurs @ the
frat rsport for proatatc tranoformied tesusa.

Hisrs, G reporiad in thass preyou woeke from
of our lab, 7 woo obparead neaticraiip betwesn
tha Gght amitied by the chemilumensscsnt
regction (RLUD @nd this tioous arsa. The naburs
(linagr, hyparbolic and othar parametene) of this
mlgtonahip differsnce alloss fo0 study the
kinistics batwaan scting and teawse. Tharsfons,
tha quantistive advantogs of the ues of chemi-
lumrenspCance to satobboh the Fycophenotype
of teaus may add other dets to the cnaboe
BUCH B0 MiEkiMUm Carbobydrats par Goaus G
wnd gopociabondesociction Conatsme.

Ini comciuson, noemal, bancsn prootatc hypee
pesic end prostohc cdenocarcinome Doous
pEmplse were inCubsied with Comcansvalin &
(Con &), Pearut agglutinin (PHA) and s sun-
pasun sEsutinem (LIEAH) isctine conpusated to
gcrdinium sadsr (Lsctin-AE). The chesmilum-
rsplance of the tssus-sclin-AE Complas
mprasssd in relgtioe [Eht unita (RLLY showed
ptartintoe’ signhccet dffasrsnces dapending on
tha lactin and the teaus. The [Eht smittsd was
dmeniahed by inhibitng the inisrocton batween
timmuss cred Iscting with thesr opscehc carbiohy-
dretsg. Tha relatonahip batwasn ALL @nd ter
BLe ored showsd o [msar cormalction for ol bac-
trrAE end prostotc tesuss. Theos reoults
indicats that the wead method o @ promaeng
tool for epscelc, eanetive ond gQuantietive
Ghzilyeaa of progtatic giycophenotype.
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